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2 Y HU WKH O DVW WZ HQW\\ HDUV￿HFRQRP L F S HUI RUP DQFH DQG O DERXU P DUN HW RXWFRP HV KDY H
GL o HUHG VXEVWDQWL DO O \DFURVV L QGXVWUL DO L ]HG FRXQWUL HV ￿VHH I RU H[ DP SO H * RWWVFKDO NDQG
6P HHGL QJ ￿￿￿￿￿￿￿￿, Q SDUWL FXO DU￿ WKHO DERXUP DUN HWL Q WKH86 KDVEHHQ FKDUDFWHUL ]HG
E\D O DUJH L QFUHDVH L Q WKH HP SO R\ P HQW UDWH￿D SRRU Z DJH SHUI RUP DQFH I RU O RZVN L O O
Z RUN HUV￿DQ L QFUHDVH L Q WKH UHWXUQV WR HGXFDWL RQ DQG D I DVW H[ SDQVL RQ RIWKH VHUY L FH
VHFWRU ￿ , Q FRQWUDVW￿FRQWL QHQWDO( XURS H KDV Z L WQHVVHG O RZHP SO R\ P HQW JURZ WK￿QR
VXEVWDQWL DOFKDQJH L Q WKH UHWXUQ WR HGXFDWL RQ￿D GHFHQW SHUI RUP DQFH L Q WHUP V RIZ DJHV
IR U OR Z H G X F D W H G ZR U NH U V D Q G D V OR ZH U H [S D Q V LR Q R I W K H V H U YLF H V H F W R U ￿ 2Q H R E YLR X V
FDQGL GDWH H[ SO DQDWL RQ I RU WKHVH GL o HUHQFHV L V L QVWL WXWL RQDO ￿WKDW L V￿FRXQWUL HV Z L WK
P RUH UL JL G L QVWL WXWL RQV KDY H DGM XVWHG WR WKH L QWURGXFWL RQ RIQHZVN L O O ￿ EL DVHG WHFKQRO R￿
JL HV ￿O L N H WKH VSUHDG RIWKH FRP SXWHU￿ E\DGM XVWL QJ T XDQWL WL HV RIHP SO R\ P HQW L QVWHDG
RIP RGL I \ L QJ WKH Z DJH VWUXFWXUH￿+ RZ HY HU￿DV SRL QWHG RXW E\ ￿DP RQJ RWKHUV￿& DUG￿
. UDP DU]￿/HP L HX[￿￿￿￿￿￿ DQG . UXHJHU DQG 3L VFKN H ￿￿￿￿￿￿￿D FO RVHU O RRNDW WKH GDWD
L VQRWY HU\ VXSSRUWL Y H RI DQ H[ FO XVL Y HO \ L QVWL WXWL RQDO H[ SO DQDWL RQ￿ ￿ +HQFH￿WKL V O HDY HV
RSHQ WKH T XHVWL RQ RIZ K\O DERXU P DUN HW RXWFRP HV DQG HFRQRP L F SHUI RUP DQFH KDY H
GL o HUHG VR VXEVWDQWL DO O \EHWZ HHQ L QGXVWUL DO L ]HG FRXQWUL HV￿DQG SDUWL FXO DUO \EHWZ HHQ
1RUWK $P HUL FD DQG ( XURSH￿RY HU WKH O DVW WZ HQW\\ HDUV￿ 2 XU JRDOL Q WKL V SDSHU L V
WR SUHVHQW DQ DO WHUQDWL Y H H[ SO DQDWL RQ I RU WKH REVHUY HG FURVV￿ FRXQWU\GL o HUHQWL DO V L Q
O DERXUP DUN HWRXWFRP HV EXL O WRQ WKH L QWHUDFWL RQ EHWZ HHQ WZ R GUL Y L QJ I RUFHV￿SRSXO D￿
WL RQ JURZ WK DQG WKH GUDP DWL F GHFO L QHV L Q WKH FRVWV RIXVL QJ L QI RUP DWL RQ WHFKQRO RJL HV￿
2 XU DSSURDFK L Q WKL V SDSHU EXL O GV RQ RXU HDUO L HU Z RUNL Q %HDXGU\DQG * UHHQ
￿￿￿￿￿￿￿, Q WKDW SDSHU￿Z H VKRZ HG KRZGL o HUHQFHV L Q Z DJH FKDQJHV EHWZ HHQ * HUP DQ\
DQG WKH 8 6 FDQ EH WUDFHG EDFNWR D GL o HUHQWL DOJURZ WK L Q I DFWRUV DQG HVS HFL DO O \
￿7 KH VWD QGD UG LQVWLWXWLR QD O H [ SOD QD WLR Q VXJ J H VWV WKD W￿ LQ F R XQWULH V OLN H *H UPD Q\ D QG ) UD QF H ￿ WKH H oH F WV
R I VN LOO￿ELD VH G WH F KQLF D O F KD QJ H VKR XOG PD QLIH VW LWVH OI WKUR XJ K SD UWLF XOD UO\ OD UJ H UH GXF WLR QV LQ H PSOR \ PH QW
U DW HVRIO RZ YHU V X VK L JKV NL O O HGZRU NHU V ￿+ RZ HYHU ￿DVV K RZ QE \ & DU G ￿.U DP DU ] DQ G/ HP L HX [ ￿ ￿￿￿￿￿DQ G
.U X HJHUDQ G3 L V FK NH ￿ ￿￿￿￿￿ ￿W K L VG RHVQ RWDS S HDUW R K DYH E HHQW K H FDV H￿
￿GL o HUHQFHV L Q WKH UDWL R RIKXP DQ WR SK\ VL FDOFDSL WDOXVH￿ $ Q L P S RUWDQW HO HP HQW
R I R X UD Q D O \ V L VZ D VW RV K R Z H GK R Z Z D J HD Q GI D F W R UPR Y H PH Q W VL QW K H V HF R X Q W U L H V
VXSSRUWHG WKH Y L HZ WKDWWHFKQRO RJL FDO DGRSWL RQ L VDQ HQGRJHQRXVSKHQRP HQRQ Z KL FK
UHVSRQGV WR SURpW L QFHQWL Y HV￿ , Q SDUWL FXO DU￿RXU HVWL P DWHV L QGL FDWHG WKDW pUP V L Q
ERWK WKHVH FRXQWUL HV KDY H EHHQ FKRRVL QJ EHWZ HHQ WZ R EURDG FO DVVHV RIP HWKRGV RI
SURGXFWL RQ￿Z KHUH RQH RIWKHVH P HWKRGV RISURGXFWL RQ L V VN L O O HG EL DVHG DQG FDSL WDO
Hr FL HQW UHO DWL Y H WR WKH RWKHU￿0 RUHRY HU￿Z H I RXQG WKDW WKH GL o HUHQWL DOXVH RIKXP DQ
Y HUVXV SK\ VL FDOFDSL WDOFDQ H[ SO DL Q￿WKURXJK L WV Ho HFW RQ WHFKQRO RJL FDODGRSWL RQ￿WKH
GL o HUHQFHV L Q Z DJH FKDQJH SDWWHUQV E HWZ HHQ WKHVH FRXQWUL HV￿ 7 KH N H\T XHVWL RQ O HI W
XQDQVZ HUHG L Q %HDXGU\ DQG * UHHQ￿￿￿￿￿￿Z DVZ K\ * HUP DQ\ DQG WKH86 KDY HGL o HUHG
VR P DUN HGO \L Q WKHL U DFFXP XO DWL RQ SDWKV I RU KXP DQ Y HUVXV SK\ VL FDOFDSL WDO ￿, Q WKL V
VHQVH￿ RXUSUHY L RXVDQDO \ VL VZ DVSDUWL DO HT XL O L EUL XP L Q QDWXUH￿, Q WKL VSDSHU￿ Z HEXL O G
RQ L QVL JKWVI URP RXUSUHY L RXVZ RUN L Q RUGHUWR SURSRVH D JHQHUDO HT XL O L EUL XP DQVZ HU
WR WKH T XHVWL RQ RIZ K\O DERXU P DUN HW RXWFRP HV KDY H GL o HUHG VR VXEVWDQWL DO O \DFURVV
L QGXVWUL DOFRXQWUL HV RY HU WKH O DVW ￿￿ WR ￿￿ \ HDU￿ 7 KH P DL Q HO HP HQWV RIRXU DQVZ HU
UHVL GH L Q WKH Ho HFW RIGL o HUHQW UDWHV RISRSXO DWL RQ JURZ WK RQ VS HHG RIWHFKQRO RJL FDO
DGRSWL RQ L Q FRQM XQFWL RQ Z L WK D P DVVL Y HGHFO L QHL Q WKHFRVWRI FRP SXWHUEDVHG FDSL WDO ￿
7 KH WKHRUHWL FDOH[ HUFL VH Z H FRQGXFW WR GHP RQVWUDWH RXU DUJXP HQW L V DV I RO O RZ V￿
: H FRQVL GHU D VHW RIHFRQRP L HV DW WKH GDZ Q RIWKH L QI RUP DWL RQ UHY RO XWL RQ￿WKDW L V￿DW
D SRL QW L Q WL P H DI WHU WKH L QWURGXFWL RQ RIFRP SXWHUV EXW EHI RUH WKH P DVVL Y H GHFUHDVH L Q
L WVSUL FHZ KL FK O HG WR L WVKXJHGL o XVL RQ￿: HDVN KRZ GL o HUHQFHVL Q SRSXO DWL RQ JURZ WK
Do HFW HFRQRP L F RXWFRP HV L Q WKL V SUH￿ L QI RUP DWL RQ￿ UHY RO XWL RQ HQY L URQP HQW￿ : H WKHQ
DO O RZWKH FRVW DVVRFL DWHG Z L WK L QI RUP DWL RQ SURFHVVL QJ WR GHFUHDVH VXEVWDQWL DO O \DQG Z H
UHH[ DP L QH KRZGL o HUHQFHV L Q SRSXO DWL RQ JURZ WK Do HFW O DERXU P DUN HW RXWFRP HV DI WHU
VXFK D FKDQJH￿2 XU P DL Q UHVXO W L V WKDW￿L IWKH UHGXFWL RQ L Q WKH FRVW RIL QI RUP DWL RQ RU
FRP SXWHU FDSL WDOL V VXr FL HQWO \O DUJH￿WKH Ho HFWV RISRSXO DWL RQ JURZ WK RQ HFRQRP L F
R X W F R P H V ZLOO F K D Q J H U D G LF D OO\ R YH U W K H S H U LR G ￿ ,Q S D U W LF X OD U ￿ D V V X P LQ J K X P D Q F D S LW D O
D Q G Q H Z LQ IR U P D W LR Q W H F K Q R OR J LH V D U H F R P S OH P H Q W D U \￿ ZH V K R Z ZK \ F R X Q W U LH V ZLW K
KL JKHU SRSXO DWL RQ JURZ WK Z L O OH[ SHUL HQFH _ RY HU WKH VSDQ RIVXFK DQ L QI RUP DWL RQ
￿UHY RO XWL RQ _ D S RRUHU S HUI RUP DQFH L Q WHUP V RIZ DJHV I RU O RZVN L O O HG Z RUN HUV￿D E HWWHU
SHUI RUP DQFH L Q WHUP V RIL QFUHDVHG HP SO R\ P HQW UDWHV￿D O DUJHU L QFUHDVH L Q WKH VHUY L FH
VHFWRU DQG D O DUJHU L QFUHDVH L Q WKH UHWXUQV WR HGXFDWL RQ￿0 RUHRY HU￿WKH FRXQWUL HV Z L WK
KL JKHU SRSXO DWL RQ JURZ WK Z L O ODSSHDU P RUH G\ QDP L F RY HU WKL V SHUL RG DV WKH\DGRSW
QHZP RGHV RISURGXFWL RQ WR D JUHDWHU H[ WHQW DQG WHQG WR L QY HVW P RUH L Q FRP SXWL QJ
EDVHG FDSL WDO ￿
7 KH P RGHOZ H GHY HO RS VKDUHV P DQ\I HDWXUHV Z L WK WKRVH SUHVHQWHG L Q WKH UHFHQW
O L WHUDWXUH￿) RU H[ DP SO H￿Z H DGRSW WKH FRQVHQVXV Y L HZWKDW QHZP HWKRGV RISURGXF￿
WL RQ DUH EL DVHG L Q I DY RXU RIERWK FDSL WDODQG VN L O O HG O DERXU ￿Z KL FK L V D Y HUVL RQ RIWKH
F D S LW D O￿V NLOO F R P S OH P H Q W D U LW \ D V V X P S W LR Q ￿ ￿ D Q G ZH IR F X V R Q W K H D G MX V W P H Q W LQ G X F H G
E \ D ID OO LQ W K H U H OD W LYH S U LF H R I LQ IR U P D W LR Q W H F K Q R OR J \￿ 7K H P D LQ Q H Z H OH P H Q W ZH
EUL QJ WR WKH GL VFXVVL RQ L V RXU HP SKDVL V RQ WKH L P S RUWDQFH RIWKH UDWL R RIKXP DQ FDSL WDO
Y HUVXV SK\ VL FDOFDSL WDOL Q XQGHUVWDQGL QJ WHFKQRO RJL FDODGRSWL RQ DQG L WV UHO DWL RQVKL S
Z L WK SRSXO DWL RQ JURZ WK￿7 KHUH DUH WZ R P DL Q FRP SRQHQWV WR WKH P HFKDQL VP DW Z RUN
L Q RXU P RGHO ￿ 7 KH pUVW FRP SRQHQW L QY RO Y HV WKH Ho HFWV RISRSXO DWL RQ JURZ WK RQ D
FRXQWU\ ￿ V UHO DWL Y H DEXQGDQFH ￿RU VFDUFL W\ ￿ RIKXP DQ Y HUVXV SK\ VL FDOFDSL WDO ￿, Q WKH
VSL UL W RI6RO RZ￿￿￿￿￿￿￿RXU P RGHOL O O XVWUDWHV Z K\FRXQWUL HV Z L WK KL JK UDWHV RISRSXO D￿
WL RQ JURZ WK DUH O L N HO \WR H[ KL EL W D UHO DWL Y HO \KL JK UDWL R RIKXP DQ FDSL WDOWR SK\ VL FDO
F D S LW D O￿ 7K H V H F R Q G H OH P H Q W D W ZR U N LQ R X U P R G H O LQ YR OYH V W K H ZD \ D F R X Q W U \￿V U H O￿
DWL Y H DEXQGDQFH ￿RU VFDUFL W \ ￿ RIKXP DQ Y HUVXV SK\ VL FDOFDSL WDOWUDQVO DWHV L QWR WKH
DGRSWL RQ RIFRP SXWHU EDVHG P HDQV RISURGXFWL RQ￿, Q SDUWL FXO DU￿L IKL JK SRSXO DWL RQ
JURZ WK HFRQRP L HV DUH HFRQRP L HV Z L WK D KL JKHU UDWL R RIKXP DQ WR SK\ VL FDOFDSL WDO ￿
WKHQ WKH\KDY H D FRP SDUDWL Y H DGY DQWDJH L Q WKH DGRSWL RQ RIP HWKRGV RISURGXFWL RQ
Z L WK VL P L O DU I DFWRU L QWHQVL WL HV￿+ RZ HY HU￿E HI RUH WKH L QI RUP DWL RQ UHY RO XWL RQ￿WKH P RVW
GRP L QDQWFKDUDFWHUL VWL FRI FRP SXWHUEDVHG P HWKRGVRI SURGXFWL RQ L VL WVKL JK SK\ VL FDO
FDSL WDOFRVW DV RSS RVHG WR L WV KL JK KXP DQ FDSL WDOFRVW￿ + HQFH￿L Q WKL V SKDVH￿FRP ￿
SXWHU EDVHG P HWKRGV RISURGXFWL RQ DUH QRW SDUWL FXO DUO \DWWUDFWL Y H WR KL JK SRSXO DWL RQ
JURZ WK HFRQRP L HV VL QFH WKH I DFWRU L QWHQVL WL HV SDWWHUQ GRHV QRW P DWFK Z L WK L WV FRP SDU￿
DWL Y H DGY DQWDJH￿7 KL V O HDGV KL JK SRSXO DWL RQ HFRQRP L HV WR L QL WL DO O \DGRSW FRP SXWHU
￿EDVHG P HWKRGV RISURGXFWL RQ O HVV WKDQ WKHL U O RZSRSXO DWL RQ JURZ WK FRXQWHUSDUWV￿$ I ￿
WHU WKH L QI RUP DWL RQ UHY RO XWL RQ￿WKH SDWWHUQ UHY HUVHV￿7 KH FRP SXWHU EDVHG P HWKRG RI
SURGXFWL RQ L V QRZERWK KXP DQ FDSL WDO L QWHQVL Y H DQG UHO DWL Y HO \L QH[ SHQVL Y H L Q WHUP V
RISK\ VL FDOFDSL WDOFRVW￿L ￿ H￿ ￿L W P DWFKHV WKH UHO DWL Y H I DFWRU VXSSO L HV L Q WKH KL JK SRSXO D￿
WL RQ JURZ WK HFRQRP L HV Y HU\Z HO O ￿$ V D UHVXO W￿WKH KL JK S RSXO DWL RQ JURZ WK HFRQRP L HV
Z L O O P RY H I URP EHL QJ O DJJDUGVL Q DGRSWL RQ RI FRP SXWHUEDVHG P HWKRGVRI SURGXFWL RQ
WR EHL QJ DJJUHVVL Y H O HDGHUV￿% DVHG RQ WKHVH UHVXO WV￿Z H DUJXH WKDW GL o HUHQWL DOVSHHGV
RI WHFKQRO RJL FDO DGRSWL RQ￿ GUL Y HQ E\ XQGHUO \ L QJ GL o HUHQFHVL Q SRSXO DWL RQ JURZ WK￿ FDQ
DFFRXQWI RUP DQ\ RI WKH GL o HUHQFHVL Q HFRQRP L F SHUI RUP DQFH REVHUY HG DFURVVFRXQWUL HV
RY HU WKH O DVW T XDUWHU RID FHQWXU\ ￿, Q SDUWL FXO DU￿D JUHDWHU VKL I W WRZ DUG WKH QHZWHFK￿
QRO RJ\L Q KL JK SRSXO DWL RQ JURZ WK HFRQRP L HV H[ SO DL QV WKH JUHDWHU REVHUY HG L QFUHDVH
L Q WKH UHWXUQV WR HGXFDWL RQ DQG WKH SRRUHU Z DJH SHUI RUP DQFH RIO RZVN L O O HG Z RUN HUV
L Q WKHVH HFRQRP L HV￿0 RUHRY HU￿Z H DUJXH WKDW WKL V Ho HFWV KDY H EHHQ DP SO L pHG E\WKH
HQGRJHQRXV UHVS RQVH RIO DERXU VXSSO \WR FKDQJHV L Q WKH Z DJH VWUXFWXUH￿Z KL FK WHQGV
W R IX U W K H U LQ F U H D V H W K H U D W LR R I K X P D Q W R S K \V LF D O F D S LW D O LQ K LJ K S R S X OD W LR Q J U R ZW K
HFRQRP L HV￿
7K H U H P D LQ LQ J V H F W LR Q V R I W K H S D S H U V D U H V W U X F W X U H G D V IR OOR ZV ￿ ,Q 6 H F W LR Q ￿ ￿ ZH
SUHVHQW D WUDFWDEO H G\ QDP L F JHQHUDOHT XL O L EUL XP P RGHODL P HG DW KL JKO L JKWL QJ KRZ
SRSXO DWL RQ JURZ WK Do HFWVHFRQRP L F RXWFRP HVRY HUD SHUL RG L Q Z KL FK WKHUH L VD P DV￿
VL Y H GHFUHDVH L Q WKH FRVW RIFRP SXWHU EDVHG FDSL WDO ￿7 KH P DL Q HO HP HQWV L QFO XGHG L Q
WKH P RGHODUH WKDW ￿￿￿ KRXVHKRO GV P DN H VDY L QJ GHFL VL RQV￿HGXFDWL RQ GHFL VL RQV DQG
O DERXU VXSSO \GHFL VL RQV￿DQG ￿￿￿ pUP V FKRRVH L QSXWV DQG WKH P HWKRG RISURGXFWL RQ
P RVW DSSURSUL DWH WR WKH VXSSO L HG L QSXW￿, Q SDUWL FXO DU￿pUP V KDY H D FKRL FH EHWZ HHQ
WZ R WHFKQL T XHVRI SURGXFWL RQ￿ RQHZ KL FK XVHVL QWHQVL Y HO \ FRP SXWHU￿ EDVHG FDSL WDO DQG
KXP DQ FDSL WDO ￿Z KL O H WKH RWKHU XVHV P RUH WUDGL WL RQDOFDSL WDODQG L V O HVV VN L O OEL ￿
DVHG￿ , Q 6HFWL RQ ￿￿Z H GHUL Y H WKH Ho HFWV RIS RSXO DWL RQ JURZ WK RQ WKH VWHDG\VWDWH
RIWKL V HFRQRP \XQGHU W Z R VFHQDUL RV￿, Q WKH pUVW FDVH￿Z H DVVXP H WKDW WKH FRVW RI
FRP SXWHU￿ EDVHG FDSL WDO L VKL JK DQG KHQFH WKH FDSL WDO FRVWVDVVRFL DWHG Z L WK DGRSWL QJ
WKH VN L O O ￿ DQG￿ FRP SXWHU L QWHQVL Y H WHFKQRO RJ\L V KL JK￿7 KL V L V Z KDW Z H UHI HU WR DV WKH
￿SUH￿ L QI RUP DWL RQ UHY RO XWL RQ SHUL RG￿, Q WKH VHFRQG FDVH￿ Z H DO O RZ WKH FRVWRI FRP SXWHU
EDVHG FDSL WDO WR I DO O DQG Z HFRP SDUHKRZ WKL VDo HFWVWKHSHUI RUP DQFHRI D KL JK SRSX￿
OD W LR Q J U R ZW K H F R Q R P \ U H OD W LYH W R D OR ZH U S R S X OD W LR Q J U R ZW K H F R Q R P \￿ 7K H U H V X OW V R I
WKL V DQDO \ VL V DUH VXP P DUL ]HG L Q 3 URS RVL WL RQV ￿ DQG ￿ L Q 6HFWL RQ ￿￿ ￿￿, Q 6HFWL RQ ￿￿Z H
GL VFXVVWKHP HFKDQL VP VGUL Y L QJ RXUUHVXO WVL Q KRSHRI HO XFL GDWL QJ WKHJHQHUDO L W \ RI RXU
DUJXP HQW￿: H DO VR GL VFXVV KRZRXU UHVXO WV UHO DWH WR WKH O L WHUDWXUH￿DQG HVS HFL DO O \KRZ
WKH\UHO DWH WR WKH I UDP HZ RUNXVHG E\. UXVHO O￿$ O ￿￿￿￿￿￿￿￿, Q 6HFWL RQ ￿ Z H SUHVHQW
VRP H HP SL UL FDOHY L GHQFH L Q VXSSRUW RIRXU K\ SRWKHVL V￿ , Q SDUWL FXO DU￿Z H SUHVHQW D
FRP SDUDWL Y H VWXG\RIGL o HUHQFHV L Q HFRQRP L F SHUI RUP DQFH￿DQG L WV UHO DWL RQ WR SRSX￿
O DWL RQ JURZ WK￿L Q WKUHH P DM RU HFRQRP L HV￿WKH 8 6￿￿I RUP HU : HVW￿ * HUP DQ\DQG WKH
8.￿ ￿ 2 XU JRDOL V WR H[ DP L QH D Z L GH UDQJH RIHFRQRP L F RXWFRP HV DQG WR FO DUL I \WKH
X Q LI\LQ J P H F K D Q LV P D W S OD \￿ : H F R P S OH P H Q W W K LV F D V H V W X G \ D S S U R D F K ZLW K H YLG H Q F H
RQ FKDQJHV L Q Z DJH DQG HP SO R\ P HQW SDWWHUQV L Q ￿￿ L QGXVWUL DO L ]HG FRXQWUL HV￿) L QDO O \ ￿
L Q 6HFWL RQ ￿ Z H Ro HUVRP H FRQFO XGL QJ FRP P HQWV￿
￿ $ 7 U DFWDEOH *HQHU DO ( TXLOLEU LXP 0 RGHO ZLWK SRSXODWLRQ
JU RZWK DQG HQGRJHQRXV WHFKQRORJLFDO FKRLFH
% HI RUH SUHVHQWL QJ WKH GHWDL O V RIWKH P RGHO ￿L W L V KHO SI XOWR pUVW RY HUY L HZWKH JHQHUDO
VWUDWHJ\Z H DGRSW WR DGGUHVV WKH L VVXH DW KDQG￿7 KH T XHVWL RQ Z H Z L VK WR DGGUHVV L V
FRP SO L FDWHG E\L WV JHQHUDOHT XL O L EUL XP QDWXUH￿E\WKH I DFW WKDW L W L QY RO Y HV WKH DFFX￿
P XO DWL RQ RIGL o HUHQW FDSL WDOVWRFN V DQG EHFDXVH L W L QY RO Y HV DQ HQGRJHQRXV FKRL FH RI
WHFKQL T XHVRI SURGXFWL RQ￿2 EY L RXVO \ ￿ Z HUHT XL UHVXEVWDQWL DO VL P SO L pFDWL RQVWR SURFHHG
DQDO \ WL FDO O \ ￿0 RUHRY HU￿WKH DQDO \ VL V L V I XUWKHU FRP SO L FDWHG E\WKH I DFW WKDW Z H Z DQW
WR FRQVL GHU D QRQ￿ P DUJL QDOFKDQJH L Q WKH HFRQRP \ ￿WKDW L V ￿WKH Ho HFWV RID GUDVWL F
UHGXFWL RQ L Q WKH FRVW RIFRP SXWL QJ DQG L QI RUP DWL RQ SURFHVVL QJ￿7 R DGGUHVV VXFK D
￿7 KH SD SH U D QG WKH H PSLULF D O H Y LGH QF H Z H SUH VH QW LV PR WLY D WH G E\ R XU SUH Y LR XV Z R UN ￿%H D XGU\ ￿ *UH H Q
￿￿ ￿ ￿ ￿ ￿￿￿￿ ￿ ￿ ￿ ￿￿ Z KLF K H [ D PLQH V WKH UH OD WLR QVKLSV EH WZ H H Q Z D J H V D QG ID F WR U PR Y H PH QWV LQ WKH 8 6 D QG :H VW
* HU P DQ \￿DQ GW K H 8 6DQ G& DQ DG D￿
￿UL FK L VVXH￿Z H SURFHHG DV I RO O RZ V￿: H pUVW FRQVL GHU D VL WXDWL RQ Z KHUH WKH Hr FL HQF\RI
EXL O GL QJ FRP SXWHUEDVHG FDSL WDO L VO RZ ￿ VD\ DVL QGH[ HG E\ v￿￿: H WKHQ GHUL Y H WKH JHQ￿
HUDO HT XL O L EUL XP P DSSL QJ Z KL FK O L QN VWKH UDWH RI SRSXO DWL RQ JURZ WK L Q WKH HFRQRP \ ￿
GHQRWHG E\u￿WR D VHW RIHFRQRP L F Y DUL DEO HV RIL QWHUHVW￿Z KL FK Z H FDQ GHQRWH E\]￿￿
/HWWKL VP DSSL QJ EH UHSUHVHQWHG E\ WKH I XQFWL RQ *￿ c￿Z KH U H]￿   *￿ v￿￿u￿￿: H RQO \
H[ DP L QH WKH VWHDG\VWDWH P DSSL QJ RIRXU G\ QDP L F P RGHOVL QFH L W L V P RUH WUDFWDEO H DQG
L W DVVXUHV WKDW DO OSRWHQWL DOHo HFWV RII DFWRU DFFXP XO DWL RQ DUH WDN HQ L QWR DFFRXQW￿: H
WKHQ FRQVL GHUWKH FDVH Z KHUHWKH Hr FL HQF\ RI EXL O GL QJ FRP SXWHUVL VJUHDWO \ L P SURY HG
DVL QGH[ HG E\ v￿ !! v￿￿7 KHGL o HUHQFHL Q HFRQRP L F RXWFRP HVRY HUWL P H￿ I RUDQ HFRQ￿
R P \ ZLW K U D W H R I S R S X OD W LR Q J U R ZW K u￿ L VW K H QJ L Y H QE \ ]￿ b]￿   *￿ v￿￿u￿ b*￿ v￿￿u￿￿
7K H F U R V V ￿F R X Q W U \ G LoH U H Q F H D V V R F LD W H G ZLW K G LoH U H Q F H LQ S R S X OD W LR Q J U R ZW K ￿ ZK LF K









7K LV H TX D W LR Q V X P P D U L] H V W K H IR F X V R I R X U S D S H U ￿ : H D U H LQ W H U H V W H G LQ H [D P LQ LQ J
KRZWKH FRP SXWHU UHY RO XWL RQ FKDQJHG RXWFRP HV L Q WKH HFRQRP \￿WKH QXP HUDWRU RQ
W K H OH IW K D Q G V LG H R I W K H H TX D W LR Q ￿ ￿ ZLW K R X U F OD LP E H LQ J W K D W G LoH U H Q F H V LQ S R S X OD W LR Q
JURZ WK UDWHV DFURVV FRXQWUL HV￿WKH GHQRP L QDWRUL Q WKH HT XDWL RQ￿DUH I XQGDP HQWDO WR
XQGHUVWDQGL QJ KRZWKH Ho HFWV RIWKH FRP SXWHU UHY RO XWL RQ Z HUH UHY HDO HG L Q GL o HUHQW
HFRQRP L HV￿ 1 RWH WKDW RXU P RGHOZ L O OE H DEO H WR XQDP EL JXRXVO \VL JQ WKH Ho HFWV RI
SRSXO DWL RQ JURZ WK RQ FKDQJHV L Q HFRQRP L F Y DUL DEO HV ￿L ￿ H￿Ro HU DQ H[ SO DQDWL RQ WR
FURVV￿ FRXQWU\GL o HUHQFHV￿ RQO \L I
#*￿v￿￿u￿
#u L V QRW WKH VDP H VL JQ DV
#*￿v￿￿u￿
#u ￿0 RUHRY HU￿
LI W K LV LV W K H F D V H ￿ W K H V LJ Q R I
#*￿v￿￿u￿
#u ZLOO Q H H G W R E H W K H V D P H D V W K D W R I
#￿]￿b]￿￿
#u ￿
+ HQFH￿L II RU H[ DP SO H Z H Z DQW WR H[ SO DL Q Z K\ ￿I RU D SDUWL FXO DU ]￿
#￿]￿b]￿￿
#u ! ￿￿ R X U
DSSURDFK UHT XL UHV XV WR H[ SO DL Q ERWK Z K\
#*￿v￿￿u￿
#u ! ￿D Q GZ K \ L WL VJ U H D W H UW K D Q
#*￿v￿￿u￿
#u ￿ , Q RWKHU Z RUGV￿RXU P RGHO L QJ JRDOL V WR VKRZZ K\D UHGXFWL RQ L Q FRVW RI
FRP SXWHU EDVHG FDSL WDOFDQ O HDG WR D UHY HUVDORIWKH JHQHUDOHT XL O L EUL XP P DSSL QJ
I URP SRSXO DWL RQ JURZ WK WR D VHW RIHFRQRP L F RXWFRP HV￿DQG Z K\L Q WKH UHVXO WL QJ
￿￿QHZHFRQRP \ ￿ WKH Ho HFWV DUH L Q D SDUWL FXO DU GL UHFWL RQ￿, Q WKL V VHQVH￿RXU SDSHU L V
HVVHQWL DO O \DE RXW VKRZ L QJ KRZWKH L QI RUP DWL RQ UHY RO XWL RQ KDV FUHDWHG D VWUXFWXUDO
FKDQJH L Q WKH I XQFWL RQL QJ RIWKH HFRQRP \DQG WKDW WKL V VWUXFWXUDOFKDQJH H[ SO DL QV
Z K\FRXQWUL HV Z L WK KL JKHU SRSXO DWL RQ JURZ WK KDY H Z L WQHVVHG D SDUWL FXO DU SDWWHUQ L Q
H F R Q R P LF R X W F R P H V LQ F R P S D U LV R Q W R OR Z S R S X OD W LR Q J U R ZW K H F R Q R P LH V ￿
￿￿￿ 7 KH 0 RGHO
$VL VQRZ Z HO O N QRZ Q￿￿ WKH UHGXFWL RQ L Q WKH FRVWRI FRP SXWHUEDVHG FDSL WDO KDVEHHQ
HQRUP RXVRY HUWKH O DVWT XDUWHURI D FHQWXU\ DQG FDQ UHDVRQDEO \ EH WKRXJKWDVD P DM RU
I RUFH L P SDFWL QJ RQ DO OL QGXVWUL DO L ]HG HFRQRP L HV￿7 KH L VVXH WKDW DUL VHV L Q WKL V FRQWH[ W L V
KRZEHVW WR P RGHOWKH RSSRUWXQL WL HV FUHDWHG E\VXFK D FKDQJH￿2 XU FKRL FH L V WR I RO O RZ
WKH DSSURDFK RI% UHVKQDKDQ HW DO ￿￿￿￿￿￿￿￿DQG Y L HZFRP SXWHU FDSL WDODV DQ HVVHQWL DO
L QSXWL QWRDQHZ P RGHRI SURGXFWL RQ Z KL FK L VRUJDQL ]HG L Q RUGHUWRH[ SO RL WWKHM RL QWXVH
RI KXP DQ FDSL WDO DQG L QI RUP DWL RQ WHFKQRO RJ\ ￿7 R WKL VHQG￿ Z HDVVXP HWKDWpUP VKDY H
DFFHVV WR WZ R FRQVWDQW UHWXUQV WR VFDO H ￿& 5 6￿ SURGXFWL RQ WHFKQL T XHV ￿Z KL FK SURGXFH
WKH VDP H pQDOJRRG￿￿DQ RO GHU￿WUDGL WL RQDOI RUP RISURGXFWL RQ￿GHQRWHG ) 2￿ c￿ ￿ ZK LF K
GHSHQGVRQ WUDGL WL RQDO FDSL WDO ￿. ￿￿ KXP DQ FDSL WDO ￿+￿DQG XQVN L O O HG O DERXU￿/￿￿ DQG D
P RGHUQ SURGXFWL RQ WHFKQL T XH￿)0￿ c￿￿Z KL FK GHSHQGVRQO \ RQ FRP SXWHUEDVHG FDSL WDO
￿, 7 ￿ DQG RQ KXP DQ FDSL WDO ￿+HQFH￿DV L Q P DQ\UHFHQW SDSHUV ￿H[ ￿$FHP RJO X ￿￿￿￿￿￿￿
% DVX DQG : HL O￿￿￿￿￿￿￿% HDXGU\￿* UHHQ ￿￿￿￿￿￿ ￿￿￿￿￿￿& DVHO O L￿￿￿￿￿￿￿= HL UD ￿￿￿￿￿￿￿￿
Z H DUH FRQVL GHUL QJ DQ HQY L URQP HQW Z KHUH WKH FKRL FH RIWHFKQL T XH RISURGXFWL RQ L V
HQGRJHQRXV DQG L V GHWHUP L QHG E\pUP V VHHN L QJ WR P D[ L P L ]H SURpWV￿ , Q RUGHU WR
P DN H WKH DQDO \ VL V DV WUDFWDEO H DV S RVVL EO H￿Z H Z L O ODVVXP H WKDW WKH WZ R SURGXFWL RQ
WHFKQL T XHV DUH DV L Q ( T XDWL RQV ￿￿￿ DQG ￿￿￿￿￿ + R ZH YH U ￿ D V ZH V K R Z LQ W K H Q H [W V H F W LR Q ￿
￿6H H IR U H [ D PSOH ￿ *R UGR Q ￿￿ ￿ ￿ ￿ ￿ D QG -R UJ H QVH Q D QG 6WLUR K￿￿ ￿￿￿￿ ￿
￿7 KUR XJ KR XW WKH SD SH U Z H D GR SW D F OR VH G H F R QR P\ IUD PH Z R UN ￿ $ OWKR XJ K WKLV LV D Q LPSR UWD QW VLPSOLI\ LQJ
D VVXPSWLR Q￿ Z H EH OLH Y H LW LV D PR UH UH D VR QD EOH PR GH OLQJ VWUD WH J \ WKD Q D GR SWLQJ WKH D OWH UQD WLY H R I D SH UIH F WO\
LQWH J UD WH G pQD QF LD O PD UN H W￿ ,Q SD UWLF XOD U￿ 2EVIH OG ￿ 5R J R o ￿￿￿￿￿￿U HL W HU DW H W K DWL P S O L FDW L RQ VL P S O L HGE \
SH UIH F WO\ LQWH J UD WH G LQWH UQD WLR QD O pQD QF LD O PD UN H WV D UH QR W PH W LQ WKH GD WD ￿
￿RXU UHVXO WV DUH QRW UHVWUL FWHG WR WKHVH SDUWL FXO DU I XQFWL RQDOI RUP V￿( T XDWL RQV ￿￿￿ DQG
￿￿￿ DUH P HDQW WR FDSWXUH WZ R L P S RUWDQW SURSHUWL HV￿ ) L UVW￿FRQVL VWHQW Z L WK P XFK RI
WKH O L WHUDWXUH￿WKH P RUH P RGHUQ I RUP RISURGXFWL RQ L V VN L O OEL DVHG UHO DWL Y H WR WKH RO G
WHFKQRO RJ\ ￿ WKDWL V￿WKH P RGHUQ WHFKQRO RJ\ XVHVP RUH VN L O O SHU XQL WRI RXWSXW ￿VL QFH
y￿￿￿ DQG GRHV QRW XVH XQVN L O O HG O DERXU￿ 6HFRQGO \ ￿,7 FDSL WDOL V DQ L QSXW WKDW
F R PS O H PH Q W VK X PD QF D S L W D O ￿
)




0￿ 7￿+￿ PL Q> ,7￿y+@ y￿￿￿ ￿ ￿
$ pUP ￿ VSUREO HP L VWR FKRRVH L QSXWVDQG SURGXFWL RQ WHFKQL T XHVL Q RUGHUWR P D[ ￿
L P L ]H SURpWV￿/ HW XV GHQRWH E\UN￿U ,7￿U K DQG Z UHVS HFWL Y HO \WKH UHQWDOSUL FH RIWUD￿
GL WL RQDO FDSL WDO ￿FRP SXWHU EDVHG FDSL WDO ￿KXP DQ FDSL WDODQG XQVN L O O HG O DERXU￿: L WK
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7 KXV￿Z H DO O RZpUP V WR XVH ERWK WHFKQL T XHV RISURGXFWL RQ VL P XO WDQHRXVO \ ￿7 KL V
I RUP XO DWL RQ DO O RZ V I RU pUP V WR VZ L WFK VP RRWKO \E HWZ HHQ WHFKQRO RJL HV￿ : H QRZWXUQ
WR WKH I RUP XO DWL RQ RIWKH KRXVHKRO G￿ V SUREO HP ￿
, Q P RGHO O L QJ WKH KRXVHKRO G￿RXU REM HFWL Y H L V FKRRVH D VSHFL pFDWL RQ Z KL FK UHVXO WV
L Q VL P SO H EXWSO DXVL EO HVXSSO \ GHFL VL RQV￿7 R WKL VHQG￿ Z HDVVXP HWKDWKRXVHKRO GVO L Y H
￿$ OWH UQD WLY H O\ ￿ D QG Z LWKR XW D Q\ LPSOLF D WLR QV IR U R XU UH VXOWV￿ Z H F R XOG KD Y H IR UF H G pUPV WR D GR SW R QO\
R QH SUR GXF WLR Q WH F KQLT XH D QG PD LQWD LQH G F R QWLQXLW\ E\ D J J UH J D WLR Q D F UR VV pUPV￿ + H QF H R XU PR GH O GR H V QR W
QH H G WR WD N H D VWD QG R Q Z KH WKH U WH F KQR OR J LF D O D GR SWLR Q￿ D QG LWV LPSOLF D WLR QV￿ LV D Z LWKLQ R U EH WZ H H Q pUP
S K HQ RP HQ D￿+ RZ HYHU ￿RX UI RFX VRQD RQ H JRRGZ RU O GL VL QS DU WP RW L YDW H E \ W K H YL HZ W K DWP RV WDV S HFW VRI
U HFHQ WW HFK Q RO RJL FDOFK DQ JHVDS S HDUW R E H D Z L W K L QJRRG VRU Z L W K L Q L Q G X V W U \ S K HQ RP HQ D￿
￿I RU RQH SHUL RG DQG KDY H D EHT XHVW P RWL Y H Z KL FK O HDGV WR VDY L QJV￿7 KL V VHWXS KDV
WKH DWWUDFWL Y H I HDWXUH ￿FRP SDUHG WR WKH VWDQGDUG 2 / *I RUP XO DWL RQ￿ WKDW L W DO O RZ V
WKH DJJUHJDWH VDY L QJV UDWH WR EH L QGHS HQGHQW RIWKH I XQFWL RQDOGL VWUL EXWL RQ RIL QFRP H￿
ZK LF K J U H D W O\ V LP S OLp H V W K H D Q D O\V LV ￿
, Q WKH RQH SHUL RG RIWKHL U O L I H￿HDFK L QGL Y L GXDOP XVW GHFL GH RQ WKH DP RXQW RI
HGXFDWL RQ WR REWDL Q￿ WKH DP RXQW RI VDY L QJV WR EHT XHDWK￿ DQG WKH DP RXQW RI WL P H WR
VXSSO \WR WKH P DUN HW￿ + RZ HY HU￿I RU WKH VDN H RIFO DUL W\ ￿Z H E HJL Q E\RP L WWL QJ WKH
O DERXU VXSSO \GHFL VL RQ￿7 KH KRXVHKRO G￿ V XWL O L W \I XQFWL RQ L V JL Y HQ E\(T XDWL RQ ￿￿￿￿
ZK H U H &W GHQRWHV FRQVXP SWL RQ￿
%W￿￿
￿￿u GHQRWHVWKHEHT XHVWSHUGHVFHQGHQWDQG u LV W K H









￿ ￿ ￿￿x ￿￿ ￿ ￿
* L Y HQ WKL VI RUP XO DWL RQ￿ WKH FRQVXP SWL RQ GHFL VL RQ O HDGVWR L QGL Y L GXDO VFRQVXP L QJ
D I UDFWL RQ RIWKHL U QHW L QFRP HV￿Z L WK WKH I UDFWL RQ VDY HG GHSHQGL QJ SRVL WL Y HO \RQ WKH
L QWHUHVW UDWH ￿2 XU UHVXO WV FDQ E H JHQHUDO L ]HG WR FDVHV Z KHUH ￿!￿￿KRZ HY HU WKL V L V
R P LW W H G V LQ F H LW LP S OLH V D V D YLQ J V U D W H ZK LF K LV D G H F OLQ LQ J IX Q F W LR Q R I W K H LQ W H U H V W
UDWH￿￿ (DFK KRXVHKRO G L VDVVXP HG WR KDY HRQHXQL WRI O DERXUWL P HZ KL FK WKH\ VXSSO \
WR WKH P DUN HW DQG WR KDY H ￿ ￿u Ro VSUL QJ￿￿
, I DQ L QGL Y L GXDO L QY HVWVL Q HGXFDWL RQ￿ KL VO DERXUWL P HL VDXJP HQWHG WR L QFO XGHXQL WV
RIKXP DQ FDSL WDO ￿Z KL FK Z H GHQRWH E\K￿, Q WKL V FDVH￿WKH O DERXU HDUQL QJV KH Z L O O
￿7K HF D V HZK H U H￿  ￿ LV PH D QW WR F R UUH VSR QG WR D OR J VSH F LpF D WLR Q
￿7 KH R QH SR WH QWLD OO\ F R QWUR Y H UVLD O F D VH UXOH G R XW E\ WKLV VSH F LpF D WLR Q LV WKH VLWXD WLR Q Z KH UH WKH VXSSO\ R I
VD Y LQJ V LV SH UIH F WO\ H OD VWLF ￿ ,Q SD UWLF XOD U￿ R XU PR GH O UXOH V R XW WKH OR QJ UXQ EH KD Y LR XU LPSOLH G E\ D Q LQpQLWH O\
OLY H G D J H QW PR GH O VLQF H VXF K PR GH OV LPSOLF LWO\ LPSO\ D Q LQpQLWH OR QJ UXQ VXSSO\ R I VD Y LQJ V￿
￿$ OWH UQD WLY H O\ ￿ Z H F R XOG KD Y H D VVXPH G WKD W H D F K G\ QD VW\ KD V R QO\ R QH R oVSULQJ D QG WKD W WKH UH LV D QH Z
VH W R I G\ QD VWLH V￿ R I UH OD WLY H VL] H u￿ WKD W H QWH U WKH H F R QR P\ H D F K SH ULR G￿ 7 KLV OD WWH U VSH F LpF D WLR Q￿ Z KLF K J LY H V
LGH QWLF D O UH VXOWV￿ Z R XOG EH D PH D QV R I F D SWXULQJ D SUR F H VV R I SR SXOD WLR Q J UR Z WK GULY H Q E\ LPPLJ UD WLR Q￿ :H
F R XOG D OVR D VVXPH ￿ Z LWKR XW D oH F WLQJ UH VXOWV￿ WKD W LQGLY LGXD OV F D UH R QO\ D ER XW WKH VL] H R I EH T XH VWV D V R SSR VH G
WR WKH SH U￿R oVSULQJ VL] H R I EH T XH VWV￿
￿UHFHL Y H I URP WKH P DUN HW Z L O OE H HT XDOWR ZW ￿ UK￿WK￿WKDW L V￿WKH Y DO XH RIXQVN L O O HG
O DERXU SO XV WKH Y DO XH RIKL V KXP DQ FDSL WDO ￿: H DVVXP H WKDW WKH FRVW RIHGXFDWL RQ
DVVRFL DWHG Z L WK REWDL QL QJ K XQL WV RIKXP DQ FDSL WDO￿L Q WHUP V RIJRRGV￿ L V JL Y HQ I RU
KRXVHKRO G L E\ 4L￿ K￿￿Z KHUH 4￿￿￿  4￿￿￿￿  ￿￿4￿
L￿ K￿ y ￿￿ 4￿￿
L￿ K￿ ! ￿￿: H L QGH[ WKH
FRVW RIHGXFDWL RQ E\L VL QFH Z H Z L O OHY HQWXDO O \Z DQW WR DO O RZI RU KHWHURJHQHL W\DFURVV
KRXVHKRO GV￿: L WK WKHVH DGGL WL RQDO HO HP HQWV￿ Z H FDQ QRZ VWDWH WKH KRXVHKRO G EXGJHW








, Q WKH DE RY H EXGJHW FRQVWUDL QW￿WKH L QGL Y L GXDOUHFHL Y HV DV UHY HQXH D VKDUH￿ ￿
￿￿u RI
WKH EHT XHVW %W OH IW E \ W K H S U H YLR X V J H Q H U D W LR Q D Q G OD E R X U H D U Q LQ J V Q H W R I H G X F D W LR Q
FRVWV HT XDOWR ZW ￿ UK￿WK b 4￿ K￿￿7 KH L QGL Y L GXDOXVHVWKL V UHY HQXH WR VSHQG RQ FRQ￿
VXP SWL RQ DQG VDY HV RXWSXW DW D UHWXUQ ￿￿ ￿ UW￿￿￿ L Q RUGHU WR O HDY H D EHT XHVW %W￿￿￿
+HUH￿ Z H KDY H VSHFL pHG WKH FRVWRI HGXFDWL RQ L Q WHUP VRI RXWSXWL QVWHDG RI DVD WL P H
FRVW￿7 KL VDJDL Q L VDGRSWHG WR VL P SO L I \ WKH DQDO \ VL V￿7 KH KRXVHKRO G￿ VRSWL P DO DFT XL ￿
VL WL RQ RIKXP DQ FDSL WDOP XVW VDWL VI \( T XDWL RQ ￿￿￿￿Z KHUH L W FDQ E H VHHQ WKDW KXP DQ
FDSL WDOL QY HVWP HQW Z L O OEH D QRQ￿ QHJDWL Y H I XQFWL RQ RIWKH SUL FH RIKXP DQ FDSL WDOU+￿W￿
7 KH RSWL P DOFRQVXP SWL RQ GHFL VL RQ L V JL Y HQ E\HT XDWL RQ ￿￿% ￿￿Z KHUH WKH VDY L QJV UDWH









￿1RWH WKDWZ KHQ ￿  ￿￿WKH VDY L QJV UDWH L V D FRQVWDQW￿
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, Q RUGHUWRFRP SO HWHWKHP RGHO ￿ Z HQHHG WRVSHFL I \ KRZ VDY HG RXWSXWL VWUDQVI RUP HG
L QWR SK\ VL FDOFDSL WDO ￿ 7 R WKL V HQG￿O HW WKHUH E H D FRP SHWL WL Y H L QWHUP HGL DU\Z KL FK
FDUUL HVRXWWKH WDVN RI WUDQVI RUP L QJ D XQL WRI VDY HG RXWSXWWRGD\ L QWR HL WKHURQH XQL W
￿￿RIWUDGL WL RQDOFDSL WDORU vW XQL WVRI FRP SXWHUEDVHG FDSL WDO I RUWKHQH[ WSHUL RG￿+HQFH￿
v UHSUHVHQWV WKH Hr FL HQF\O HY HOE\Z KL FK D XQL W RIRXWSXW FDQ EH WUDQVI RUP HG L QWR
FRP SXWHU EDVHG FDSL WDO ￿ , W L V D QRQ￿ P DUJL QDOFKDQJH L Q WKL V Y DUL DEO H WKDW Z H Z L O O
UHI HUUHG WR DV WKH L QI RUP DWL RQ UHY RO XWL RQ￿7 KH FRQVWDQW UHWXUQ WR VFDO H QDWXUH RIWKL V
WUDQVI RUP DWL RQ WHFKQRO RJ\L P SO L HV WKDW WKH UDWH RIUHWXUQ RQ VDY L QJV P XVW EH HT XDO
WR UDWHV RIUHWXUQ RQ E RWK WUDGL WL RQDODQG FRP SXWHU EDVHG FDSL WDO ￿ $ VVXP L QJ I XO O
GHSUHFL DWL RQ RI FDSL WDO VWRFN VDFURVVSHUL RGV￿DJDL Q I RUVL P SO L FL W\ ￿￿ Z H WKHUHI RUH KDY H
WKH DUEL WUDJH FRQGL WL RQV￿
￿￿ UW   U.￿W   vWU,7￿W ￿￿￿
, Q WKH DEVHQFH RIKHWHURJHQHL W\DFURVV KRXVHKRO GV ￿L ￿ H￿ ￿Z L WK 4L￿ K￿L QGHSHQGHQWRI
L￿ D : D OU D V LD Q ( TX LOLE U LX P IR U W K LV H F R Q R P \ LV D V H TX H Q F H R I S U LF H V IZW￿U +￿W￿U .￿W￿U ,7￿W￿U WJ
DQG DO O RFDWL RQVIKW￿% W￿￿￿/ W￿+ W￿. W￿,7 WJ VXFK WKDW ￿L ￿ JL Y HQ SUL FHV￿KW DQG %W￿￿ VRO Y HV
WKH FRQVXP HUV SUREO HP ￿L ￿ H￿P D[ L P L ]HV ￿￿￿ VXE M HFW WR ￿￿￿￿￿￿L L ￿ JL Y HQ SUL FHV￿/W￿. W￿+ W
DQG ,7W VRO Y HV WKH pUP ￿ V SUREO HP ￿￿L L L ￿ WKH DUEL WUDJH FRQGL WL RQV JL Y HQ E\￿￿￿ DUH VDW￿
L VpHG￿DQG ￿L Y ￿ P DUN HWV FO HDU￿WKDW L V￿/W  ￿￿ ￿u￿ W￿+ W   KW￿￿ ￿u￿ W￿
%W
￿￿UW￿￿ ￿u￿ Wb￿  
.W ￿ ,7W
v ￿ ZK H U H ZH K D YH Q R U P D OL] H G W K H V L] H R I W K H LQ LW LD O S R S X OD W LR Q W R ￿ ￿ : H ZLOO
I RFXV RQO \RQ VWHDG\VWDWH HT XL O L EUL D￿WKDW L V￿WL P H L QY DUL DQW Y HFWRUV RISUL FHV DQG FRQ￿
V W D Q W O\ J U R ZLQ J D OOR F D W LR Q V ￿ D W J U R ZW K U D W H u￿ Z KL FK I RUP D : DO UDVL DQ ( T XL O L EUL XP
I RU D JL Y HQ O HY HOv RI WKH FRP SXWHUHr FL HQF\ L QGH[ ￿%HI RUH O RRN L QJ DWWKH SURSHUWL HV
RIVXFK DQ HT XL O L EUL XP ￿DQG HVSHFL DO O \WKH Ho HFWV RIFKDQJL QJ u￿ Z Hp U V WH [ D PL Q HK R Z
WKH P RGHO FDQ EH P RGL pHG WR L QFRUSRUDWH ERWK HQGRJHQRXV O DERXU VXSSO \ Z L WK KHW￿
HURJHQHRXV KRXVHKRO GV￿DQG D VHUY L FH VHFWRU￿: H WDN H WKL V WR E H DQ L P S RUWDQW L VVXH
VL QFH WKH EHKDY L RXU RIHP SO R\ P HQW UDWHV DQG SDUWL FL SDWL RQ UDWHV KDY H HY RO Y HG Y HU\
GL o HUHQWO \EHWZ HHQ FRXQWUL HV￿DV KDV WKH VL ]H RIWKH VHUY L FH VHFWRU￿
￿￿￿￿￿ , QWU RGXFLQJ 9DU LDEOH /DERXU 6XSSO\ ’HFLVLRQV DQG D + RXVHKROG 6HU ￿
YLFH 6HFWRU V
: HQRZ Z DQWWRH[ WHQG WKHKRXVHKRO G￿ VSUREO HP WR L QFRUSRUDWHWZ R QHZ GHFL VL RQ Y DUL ￿
DEO HV￿ Z KL FK DUHWL P HVXSSO L HG WRWKHP DUN HW￿ GHQRWHG OW￿ DQG WKHDP RXQWRI KRXVHKRO G
UHO DWHG VHUY L FHV SXUFKDVHG I URP WKH P DUN HW￿VW￿7 KH WUDGHRo Z H HQY L VL RQ L QY RO Y HVWKH
KRXVHKRO G I XO pO O L QJ L WVQHHGVL Q WHUP VRI D GRP HVWL FJRRG HL WKHUE\ Z L WKGUDZ L QJ WL P H
I URP P DUN HW DFWL Y L W\RU E\EX\ L QJ UHO DWHG VHUY L FHV RQ WKH P DUN HW￿7 R WKL V HQG￿O HW XV
GHQRWH E\ ’￿￿ b OW￿V W￿WKH KRXVHKRO G￿ VSURGXFWL RQ RI GRP HVWL F JRRGVDFKL HY HG Z KHQ
￿ b OW RIWL P H L V GHY RWHG WR KRXVHKRO G SURGXFWL RQ DQG VW VHUY L FHV DUH ERXJKW RQ WKH
P DUN HW ￿DW SUL FH SV
W￿￿) XUWKHUP RUH￿O HW XV DVVXP H WKDW WKH KRXVHKRO G￿ V UHT XL UHP HQW
LQ W H U P V R I G R P H V W LF V H U YLF H V LV D p [H G D P R X Q W zG DQG WKDW￿I RU VL P SO L FL W\ ￿WKH I XQF￿
WL RQ ’￿ c￿ W D NH V W K H IR OOR ZLQ J IR U P ’￿ OW￿V W￿  ’￿￿￿ b OW￿ o ￿ VW￿ ￿ ￿o￿￿ ￿ 7K H













’￿￿ b OW￿V W￿  zG
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7 KH pUVWRUGHUFRQGL WL RQ DVVRFL DWHG Z L WK WKH KRXVHKRO G￿ VO DERXUVXSSO \ GHFL VL RQ￿
ZK LF K LV o’R￿￿ b OW￿ ob￿  
ZW￿U+￿WKW
SV
W ￿ LP S OLH V W K D W W K H W LP H V S H Q W LQ W K H P D U NH W ZLOO
EH SRVL WL Y HO \UHO DWHG WR WKH UDWL R RIWKH KRXVHKRO G￿ V Ho HFWL Y H Z DJH ￿Z ￿ U+K￿D Q G
WKH SUL FH RIKRXVHKRO G UHO DWHG VHUY L FHV ￿SV￿￿+HQFH￿FKDQJHV L Q UHO DWL Y H SUL FHV Do HFW
OD E R X U V X S S O\ G H F LV LR Q V ￿ ,Q R U G H U W R V H H W K LV P H F K D Q LV P P R V W F OH D U O\￿ OH W X V LQ W U R G X F H
KHWHURJHQHL W\E HWZ HHQ KRXVHKRO GV DQG HO L P L QDWH WKH HGXFDWL RQ GHFL VL RQ E\DVVXP L QJ
WKDW WKHUH L V D P HDVXUH } RIKRXVHKRO GV Z KL FK REWDL Q QR HGXFDWL RQ DQG D P HDVXUH
￿ b } Z L W KR E W D L QH G X F D W L R QO H Y H O K￿ ￿Z L WKRXW O RVV￿Z H FDQ WKHUHI RUH GL VUHJDUG WKH
￿￿FRVWRI HGXFDWL RQ L Q WKL VFDVH￿￿) XUWKHUP RUH￿ O HWXVDVVXP H WKDWKRXVHKRO G VHUY L FHVV
DUH SURGXFHG L Q WKH P DUN HW XVL QJ D & 5 6 WR VFDO H SURGXFWL RQ I XQFWL RQ Z KL FK SURGXFHV
R Q H X Q LW R I V H U YLF H V ZLW K R Q H X Q LW R I X Q V NLOOH G OD E R X U ￿ 7K LV ZLOO LP S O\ W K D W W K H S U LF H
RIVHUY L FHV L V HT XDOWR WKH SUL FH RIXQVN L O O HG O DE RXU￿ZW￿ ,Q W K LV F D V H ￿ ZK LF K ZLOO E H
RXUFDVH RI UHI HUHQFH Z KHQ Z H UHI HUWR WKH FDVH Z L WK HQGRJHQRXVO DERXUVXSSO \ ￿￿WK H
O DERXU VXSSO \GHFL VL RQ RIWKH QR￿ HGXFDWL RQ KRXVHKRO G L V QRW Do HFWHG E\FKDQJHV L Q
HL WKHU ZW RU U+￿W ￿VL QFH RQO \WKH UDWL R RIZW WR SV
W HQWHU WKH ) 2 & ￿DQG WKL V UDWL R L V ￿￿￿
+RZ HY HU￿ WKH O DERXUVXSSO \ GHFL VL RQ RI WKH P RUH HGXFDWHG KRXVHKRO G Z L O O EH Do HFWHG
E\FKDQJHV L Q WKH Z DJH VWUXFWXUH￿ , Q SDUWL FXO DU￿WKH HGXFDWHG KRXVHKRO G￿ V O DE RXU
VXSSO \ L VSRVL WL Y HO \ Do HFWHG E\ DQ L QFUHDVH L Q WKH SUL FH RI VN L O O O DERXUU+￿W UHO DWL Y H WR
WKH SUL FH RIXQVN L O O HG O DE RXU ZW￿7 KL V UDWL R L V JHQHUDO O \UHI HUUHG WR L Q WKH O L WHUDWXUH
DV WKH UHWXUQ WR HGXFDWL RQ￿ DQG Z H Z L O O DGRSWWKL VFRQY HQWL RQ￿ HY HQ WKRXJK L Q WHUP V
RI JRRGV￿Z KL FK L VWKH XVXDO EHQFKP DUN I RUP RVWUHWXUQV￿￿ WKH UHWXUQ WR HGXFDWL RQ L V
U+￿W￿￿￿
$ : DO UDVL DQ (T XL O L EUL XP I RUWKHHFRQRP \ Z L WK HQGRJHQRXVO DERXUVXSSO \ DQG WZ R
W\ SHVRI KRXVHKRO GV￿ GHQRWHE\ L  ￿ RU￿￿ L VD VHT XHQFH RI SUL FHVIZW￿U +￿W￿U .￿W￿U ,7￿W￿U W￿S V
WJ
D Q G D OOR F D W LR Q V IO￿￿W￿O ￿￿W￿% ￿￿W￿￿￿% ￿￿W￿￿￿V ￿￿W￿V ￿￿W￿/ W￿+ W￿. W￿,7 WJVXFK WKDW ￿L ￿ JL Y HQ SUL FHV￿
OL￿W￿V L￿W DQG %L￿W￿￿ VRO Y HV WKH FRQVXP HUV SUREO HP JL Y HQ K  ￿I R UL  ￿R UK   K￿ IR U
L  ￿ ￿ ￿ LL￿ J LYH Q S U LF H V ￿ /W￿. W￿+ W DQG ,7W V R OYH V W K H p U P ￿V S U R E OH P ￿ ￿ LLL￿ W K H D U E L￿
WUDJH FRQGL WL RQ JL Y HQ E\￿￿￿ L V VDWL VpHG DQG SV
W   ZW￿DQG ￿L Y ￿ P DUN HWV FO HDU￿WKDW
LV ￿ /W  ￿￿ ￿u￿ W￿ }￿ O￿￿W b V￿￿W￿￿ ￿ ￿b }￿￿O￿￿W b V￿￿W￿￿￿+W  ￿￿ b }￿ K￿￿￿ ￿u￿ W￿￿ }%￿￿W ￿
￿￿ b }￿ %￿￿W￿￿￿ ￿u￿ Wb￿  ￿.W ￿ ,7W
v ￿￿￿ ￿UW￿ ￿: H Z L O ODJDL Q RQO \I RFXV RQ WKH VWHDG\
VWDWH HT XL O L EUL XP ￿WKDW L V￿WKH WL P H L QY DUL DQW Y HFWRU RISUL FHV DQG FRQVWDQWO \JURZ L QJ
DO O RFDWL RQV ￿JURZ WK UDWH u￿ ZK LF K IR U P D : D OU D V LD Q ( TX LOLE U LX P IR U D J LYH Q OH YH O v￿
￿1 R WH WKD W WKH PR UH J H QH UD O F D VH V Z LWK KH WH UR J H QH LW\ D QG VLPXOWD QH R XV H GXF D WLR QV D QG OD ER XU VXSSO\
GH F LVLR QV F D Q EH KD QGOH G￿ EXW Z LWKR XW D Q\ J D LQ LQ WH UPV R I UH VXOWV R U LQVLJ KW￿
￿￿:H QR WH WKLV GLoH UH QF H LQ Y R F D EXOD U\ VLQF H LW R IWH Q OH D GV WR F R QIXVLR Q￿ ,Q SD UWLF XOD U￿ LI D SUR GXF WLR Q
IXQF WLR Q LV F R QY H [ ￿ D Q LQF UH D VH LQ WKH XVH R I KXPD Q F D SLWD O XVH Z LOO D OZ D \ V LPSO\ D UH GXF WLR Q LQ WKH UH WXUQ WR
H GXF D WLR Q LQ WH UPV R I J R R GV￿ EXW GR H V QR W QH F H VVD ULO\ LPSO\ D UH GXF WLR Q LQ WKH UH WXUQ WR H GXF D WLR Q LQ WH UPV
R I WKH SULF H R I XQVN LOOH G OD ER XU￿
￿￿) XUWKHUP RUH￿I RU UHDVRQV Z H GL VFXVV O DWHU￿Z H I RFXV RQ WKH FDVH Z KHUH o￿Z K L FK JRY ￿
HUQVWKH HO DVWL FL W \ RI O DERXUVXSSO \ ￿ L VQRWWRR O DUJH￿1RWH WKDWL I Z H Z HUH WR DVVXP H
WKDW o  ￿ ￿L QpQL WH HO DVWL FL W \ ￿￿WKL V Z RXO G E\DVVXP SWL RQ SL Q GRZ Q WKH UHWXUQV WR
HGXFDWL RQ DQG KHQFH GHI HDWWKH SXUSRVH RI WKH DQDO \ VL V￿
￿ ( TXLOLEU LXP $QDO\VLV
,Q W K LV V H F W LR Q ￿ ZH ZLOO S H U IR U P IR X U F R P S D U D W LYH V W D W LF H [H U F LV H V ￿ ,Q W K H p U V W LQ V W D Q F H ￿
Z H Z L O OH[ DP L QH WKH Ho HFWV RISRSXO DWL RQ JURZ WK I RU WKH VL WXDWL RQ Z KHUH FRP SXWHU
E D V H G F D S LW D O LV U H OD W LYH O\ H [S H Q V LYH ￿ W K D W LV ￿ ZK H U H v LV OR Z￿ ,Q W K LV V W D W H ￿ W K H D G R S W LR Q
R I W K H Q H Z F R P S X W H U ￿D Q G ￿V NLOO LQ W H Q V LYH W H F K Q R OR J \ ZLOO E H F R V W O\ LQ W H U P V R I V D YLQ J V
DQG KHQFH Z L O OQRW EH I DY RXUHG E\KL JK SRSXO DWL RQ JURZ WK HFRQRP L HV￿: H H[ DP L QH
RXWFRP HV L Q WKH Y HUVL RQV RIWKH P RGHOL Q Z KL FK￿L ￿ KXP DQ FDSL WDODFFXP XO DWL RQ L V
HQGRJHQRXV￿ DQG L L ￿Z KHQ O DERXUVXSSO \ ￿DQG KHQFH WKH VL ]H RI WKH KRXVHKRO G VHUY L FH
VHFWRU￿L VHQGRJHQRXV￿: HWKHQ H[ DP L QHKRZ D O DUJHUHGXFWL RQ L Q WKHFRVWRI FRP SXWHU
EDVHG FDSL WDO P RGL pHV HFRQRP L F RXWFRP HV￿2 XUP DL Q UHVXO WL V WKDW￿ L I WKH UHGXFWL RQ
LQ W K H F R V W R I F R P S X W H U E D V H G F D S LW D O LV V X r F LH Q W O\ OD U J H ￿ W K H H oH F W V R I S R S X OD W LR Q
JURZ WK RQ WKH HFRQRP \Z L O OFKDQJH GUDVWL FDO O \DQG L Q D GL UHFWL RQ FRQVL VWHQW Z L WK
Z KDW L V DFWXDO O \REVHUY HG L Q WHUP V RIGL o HUHQFHV L Q HFRQRP L F RXWFRP HV EHWZ HHQ KL JK
DQG O RZSRSXO DWL RQ JURZ WK HFRQRP L HV L Q UHFHQW WL P HV￿7 KH L QWXL WL RQ I RU WKHVH UHVXO WV
L V EDVHG RQ WKH WHQGHQF\I RU KL JK SRSXO DWL RQ JURZ WK HFRQRP L HV WR KDY H D UHO DWL Y H
KL JK UDWL R RIKXP DQ WR SK\ VL FDOFDSL WDO ￿O HDGL QJ WKHP WR I DY RXU WHFKQRO RJL HV Z L WK
VL P L O DU I DFWRU L QWHQVL WL HV￿$ O WKRXJK WKH P RGHUQ WHFKQRO RJ\DO Z D\ V XVHV KXP DQ FDSL WDO
L QWHQVL Y HO \ ￿L Q WKH SUH￿ L QI RUP DWL RQ UHY RO XWL RQ Z KHQ , 7FDSL WDOL V Y HU\H[ SHQVL Y H￿KL JK
SRSXO DWL RQ JURZ WK HFRQRP L HV WHQG WR SURGXFH XVL QJ P DL QO \WKH WUDGL WL RQDOWHFKQRO RJ\
VL QFH WKH SK\ VL FDO FDSL WDO FRVWVDVVRFL DWHG Z L WK WKH P RGHUQ WHFKQRO RJ\ DUH WRR KL JK￿
+ RZ HY HU￿Z KHQ WKH FRP SXWHU UHY RO XWL RQ JHQHUDWHV D GUDP DWL F GHFO L QH L Q WKH FRVW RI, 7
FDSL WDO ￿L W E HFRP HV SDUWL FXO DUO \DGY DQWDJHRXV I RU KL JK SRSXO DWL RQ JURZ WK HFRQRP L HV
￿￿WR VZ L WFK WRZ DUG P RGHUQ P RGH RISURGXFWL RQ VL QFH WKH O DWWHU KDV ERWK O HVV H[ SHQVL Y H
FDSL WDOFRVWV DQG P DN H P RUH XVH RIKXP DQ FDSL WDO ￿+HQFH￿KL JK SRSXO DWL RQ JURZ WK
HFRQRP L HVZ L O O WHQG WRO HDSI URJRY HUO RZ SRSXO DWL RQ JURZ WK HFRQRP L HVL Q WHUP VRI WKHL U
DGRSWL RQ RIWKH QHZWHFKQRO RJ\￿DQG QHZP RGH RIZ RUNRUJDQL ]DWL RQ￿ DV D P HDQV RI
WDN L QJ DGY DQWDJH RIWKHL U FRP SDUDWL Y H DGY DQWDJH L Q XVL QJ P RGHV RISURGXFWL RQ Z L WK D
KL JK UDWL R RIKXP DQ Y HUVXV SK\ VL FDOFDSL WDO ￿7 KHUHE\FRXQWUL HV Z L WK KL JK SRSXO DWL RQ
JURZ WK Z L O OH[ S HUL HQFH D P RUH UDGL FDOFKDQJH L Q WKH VWUXFWXUH RIWKHL U HFRQRP L HV DV
L W WUDQVL WV WKURXJK WKH L QI RUP DWL RQ UHY RO XWL RQ￿, Q WKL V VHQVH￿RXU P RGHOVXJJHVWV WKDW
WKH L QI RUP DWL RQ UHY RO XWL RQ FUHDWHV D VWUXFWXUDOFKDQJH Z KL FK L V HVSHFL DO O \HY L GHQW L Q
KL JK SRSXO DWL RQ JURZ WK FRXQWUL HV￿
￿￿￿ 7 KH 3 U H￿, QIRU PDWLRQ￿5HYROXWLRQ ( U D
7 KH DGRSWL RQ RIWKH P RGHUQ WHFKQRO RJ\) 0￿ ,7￿+￿￿DV VSHFL pHG L Q ( T XDWL RQ ￿￿￿￿
GHSHQGVRQ WKH SDUDP HWHUy DQG RQ WKH FRVWRI FRP SXWHUEDVHG FDSL WDO Z KL FK L VSD￿
UDP HWHUL ]HG DV
￿
v￿$ V Z H KDY H SUHY L RXVO \L QGL FDWHG￿Z H Z L O ODVVXP H WKURXJKRXW WKDW
WKL V QHZWHFKQRO RJ\L V VN L O O ￿ EL DVHG L Q WKH VHQVH WKDW y￿￿ ￿ 7K LV LV F R Q V LV W H Q W ZLW K
P XFK RIWKH UHFHQW O L WHUDWXUH Z KL FK HP SKDVL ]HV WKH VN L O O ￿ EL DVHG DVSHFW RIUHFHQW WHFK￿
QRO RJL HV￿DQG L W L V FRQVL VWHQW Z L WK * RO GL Q ￿. DW]￿ V ￿￿￿￿￿￿ O RQJHU WHUP Y L HZVXJJHVWL QJ
WKDW P RVW WHFKQL T XHV RISURGXFWL RQ L QWURGXFHG L Q WKH ￿￿WK FHQWXU\Z HUH VN L O O HG EL DVHG￿
0 RUHRY HU￿Z H Z L VK WR DVVXP H WKDW WKH WHFKQRO RJ\L V UHO HY DQW L Q WKH VHQVH WKDW￿DW WKH
SUL FHV WKDW Z RXO G SUHY DL OL Q WKH DEVHQFH RIWKL V WHFKQRO RJ\ ￿L W Z RXO G E H SURpWDEO H WR






y x ￿￿Z KHUH
Ue
. DQG Ue
+ DUH WKH SUL FHV WKDW SUHY DL OL Q WKH DEVHQFH RI WKH P RGHUQ WHFKQRO RJ\ ￿ DQG
ZK H U H v￿ GHQRWHV WKH Y DO XH RIv LQ W K LV LQ LW LD O H U D ￿ )LQ D OO\ ZH D OV R ZD Q W W R E H F R Q ￿
VL VWHQW Z L WK * RO GL Q ￿. DW]￿ V HY L GHQFH WKDW QHZWHFKQRO RJL HV￿DW O HDVW Z KHQ WKH\DUH
pUVW L QWURGXFHG￿KDY H SUHGRP L QDQWO \E HHQ FDSL WDOL QWHQVL Y H DV Z HO ODV VN L O OL QWHQVL Y H￿
, Q Ho HFW￿Z H Z L O ODVVXP H WKDW WKH FRP SXWHU EDVHG WHFKQRO RJ\Z DV KHDY L O \FDSL WDO
L QWHQVL Y H ￿L Q WHUP V RIGRO O DUV RIFDSL WDOFRVW SHU XQL W RISURGXFHG RXWSXW￿ Z KHQ L W
￿￿Z DV pUVW L QWURGXFHG ￿H[ ￿WKL QNRIURE RWL FV￿￿WKDW L V￿Z H Z L O ODVVXP H WKDW L WV UHO DWL Y H
FDSL WDOL QWHQVL W\Z DV L QL WL DO O \P RUH L P SRUWDQW WKDQ L W VN L O OL QWHQVL W\ ￿7 KH FXUUHQW HP ￿
SKDVL V RQ WKH L P S RUWDQFH RIHGXFDWHG Z RUN HUV L Q SURGXFWL RQ DSS HDUV WR XV WR EH D
SKHQRP HQRQ WKDW KDV I RO O RZ HG WKH P DVVL Y H GHFUHDVH L Q WKH SUL FH RIFRP SXWHU EDVHG
FDSL WDODV RSS RVHG WR SUHFHGL QJ L W￿7 R VWDWH WKH UHT XL UHP HQW I RUP DO O \ ￿O HW Ne GHQRWH
WKH FDSL WDO ￿ RXWSXW UDWL R L Q WKH WUDGL WL RQDOSURGXFWL RQ P HWKRG￿ 2 XU P DL Q DVVXP S￿
WL RQ DERXWWKH 3UH￿ , QI RUP DWL RQ￿ 5HY RO XWL RQ HUD L VWKDWWKH SK\ VL FDO FDSL WDO WR KXP DQ
FDSL WDO UDWL R L Q WKH QHZ WHFKQRO RJ\ ￿ Z KL FK L V y
v￿ RQFH SURSHUO \ QRUP DO L ]HG I RUWKH GL I ￿
I HUHQFH L Q W\ S HV RIFDSL WDO ￿L V JUHDWHU WKDQ WKH FRUUHVS RQGL QJ UDWL R L Q WKH WUDGL WL RQDO
WHFKQRO RJ\ ￿ Z KL FK L VJL Y HQ E\
￿
Ne￿ ￿￿
: H D U H Q R Z LQ D S R V LW LR Q W R H [D P LQ H K R Z G LoH U H Q W U D W H V R I S R S X OD W LR Q J U R ZW K ZLOO
Do HFWHFRQRP L F RXWFRP HV￿ XQGHUWKH DVVXP SWL RQ WKDWWKH Hr FL HQF\ L QGH[ DVVRFL DWHG
ZLW K E X LOG LQ J F R P S X W H U E D V H G F D S LW D O LV U H OD W LYH O\ OR Z￿ + R ZH YH U ￿ E H IR U H G H U LYLQ J W K H
pUVW VHW RIUHVXO WV￿L W L V Z RUWK HP SKDVL ]L QJ WKDW Z H GR QRW WKL QNWKDW WKHVH SUHO L P L QDU\
UHVXO WV DUH RIGL UHFW HP SL UL FDOUHO HY DQFH VL QFH WKH\UHI HU WR O HY HO V RIY DUL DEO HV￿Z KL FK L Q
UHDO L W\ DUHL QqXHQFHG E\ D Z KRO HVHWRI FRXQWU\ VSHFL pFI DFWRUVRWKHUWKDQ SRSXO DWL RQ
JURZ WK￿) RU H[ DP SO H￿FRXQWUL HV P D\GL o HU L Q WKHL U RY HUDO OHr FL HQF\L Q SURGXFWL RQ ￿DV
FDSWXUHG E\VRP HWKL QJ O L N H RY HUDO O7 ) 3 ￿ DQG GL o HUHQFHV L Q HGXFDWL RQ V\ VWHP V DFURVV
FRXQWUL HV P D\P DN H O HY HOFRP SDUL VRQV GL r FXO W￿1HY HUWKHO HVV￿E\DGRSWL QJ D ￿EHI RUH
DQG DI WHU VWUDWHJ\ ￿ L Q RXU WKHRUHWL FDOP RGHO ￿Z H FDQ GHUL Y H D VHW RISUHGL FWL RQV Z KL FK
D U H U R E X V W W R E R W K F R X Q W U \ p [H G H oH F W V ￿ H ￿J ￿￿ OH YH OV R I 7)3 ￿ G LoH U H Q W O\ P H D V X U H G
SUL FH L QGL FHV￿DQG WR DUEL WUDU\ EXWFRP P RQ WL P H Ho HFWV￿H￿ J￿ ￿ WUHQG JURZ WK L Q I HP DO H
O DERXU VXSSO \ ￿RY HUDO O7 ) 3 JURZ WK￿￿: L WK WKL V L Q P L QG￿Z H QRZWXUQ WR GHUL Y L QJ D
￿￿,W LV LQWH UH VWLQJ WR QR WH WKD W WKH Z R UN LQJ R I WKH H F R QR P\ XQGH U WKLV D VVXPSWLR Q Z LOO EH F R QVLVWH QW Z LWK
PR VW F R QY H QWLR QD O Y LH Z V R I WKH IXQF WLR QLQJ R I WKH H F R QR P\ ￿ ) R U H [ D PSOH ￿ LQ WKLV SUH ￿LQIR UPD WLR Q UH Y R OXWLR Q
H UD ￿ ￿￿ ￿ D Q LQF UH D VH LQ F D SLWD O D F F XPXOD WLR Q GXH WR LQF UH D VH G VD Y LQJ LV H VSH F LD OO\ EH QH pF LD O WR KLJ KO\ VN LOOH G
Z R UN H UV D QG ￿￿ ￿ D Q LQF UH D VH LQ KXPD Q F D SLWD O GXH WR J UH D WH U LQY H VWPH QWV LQ H GXF D WLR Q Z LOO OH D G WR D UH GXF WLR Q
LQ ER WK WKH UH QWD O SULF H R I KXPD Q F D SLWD O D V Z H OO D V WKH UH WXUQV WR KXPD Q F D SLWD O LQ WH UPV R I WKH OR Z VN LOO
Z D J H ￿ + H QF H ￿ LW LV D Q D VVXPSWLR Q WKD W F R UUH VSR QGV WR D VVXPLQJ WKD W LQ WKLV SUH ￿LQIR UPD WLR Q UH Y R OXWLR Q
SKD VH ￿ WKH H F R QR P\ EH KD Y H G LQ D UD WKH U F R QY H QWLR QD O PD QQH U￿ 7 KH LPSR UWD QW LVVXH IR U XV LV WR VKR Z KR Z
WKH VLPSOH UH GXF WLR Q LQ WKH F R VW R I F R PSXWH U ED VH G F D SLWD O￿ VWD UWLQJ IUR P D UD WKH U F R QY H QWLR QD O VWD WH ￿ F D Q LQ
H oH F W GUD VWLF D OO\ F KD QJ H WKH EH KD Y LR XU R I WKH H F R QR P\ ￿
￿￿V H W R I U H V X OW V ZLW K R X W U H OD W LQ J W K H P W R R E V H U YD W LR Q V ￿ : H ZLOO ZD LW X Q W LO W K H H Q G R I
WKL V VHFWL RQ￿Z KHUH Z H FRQWUDVW WKH ?EHI RUH DQG DI WHU SUHGL FWL RQV￿￿L Q 3 URS RVL WL RQV ￿
DQG ￿￿￿EHI RUH UHO DWL QJ WKH WKHRUHWL FDOUHVXO WV WR HP SL UL FDOFRXQWHUSDUWV￿
7 KH pUVW /HP P D H[ DP L QHV WKH Ho HFWV RIGL o HUHQFHV L Q SRSXO DWL RQ JURZ WK UDWHV RQ
D VHW RIY DUL DEO HV￿
/HPPD ￿$￿ , Q WKH VWHDG\VWDWH RIWKH HFRQRP \Z L WK HQGRJHQRXV DFFXP XO DWL RQ
RIKXP DQ DQG SK\ VL FDOFDSL WDO ￿Z KHQ v   v￿ ￿WKH SUH￿ L QI RUP DWL RQ UHY RO XWL RQ HUD￿￿D
K LJ K H U S R S X OD W LR Q J U R ZW K U D W H LV D V V R F LD W H G ZLW K ￿
s $ K LJ K H U S U LF H R I X Q V NLOOH G OD E R X U ￿ Z￿￿
s $ O RZ HU SUL FH RIKXP DQ FDSL WDO￿U+￿
s $ O RZ HU UHWXUQ WR HGXFDWL RQ ￿
U+
Z￿￿￿
s $ O RZ HUO HY HO RI RXWSXW ￿SHUFDSL WD￿SURGXFHG XVL QJ WKH P RGHUQ P RGH RIRUJD￿
QL ]DWL RQ￿
3URRI ￿6HH $SSHQGL [ $
7 KHN H\ P HFKDQL VP XQGHUO \ L QJ/HP P D￿$ L VRQHVL P L O DUWRWKDWHP SKDVL ]HG L Q WKH
QHR￿ FO DVVL FDO JURZ WK P RGHO DVGHY HO RSHG E\ 6RO RZ ￿￿￿￿￿￿￿ WKDWL V￿ L Q D KL JK SRSXO DWL RQ
JURZ WK HFRQRP \ SK\ VL FDO FDSL WDO WHQGVWR EH UHO DWL Y HO \ VFDUFH GXH WR WKH FRQVWDQWQHHG
WR XVH VDY L QJV WR HT XL S QHZO DE RXU P DUN HW HQWUDQWV￿+ RZ HY HU￿WKL V UHO DWL Y H VFDUFL W\
RISK\ VL FDOFDSL WDOL V QRW L Q JHQHUDOWUDQVP L WWHG SURSRUWL RQDO O \WR KXP DQ FDSL WDO
VL QFH WKH O DWWHU UHVS RQGV P RUH GL UHFWO \WR WKH VL ]H RIQHZFRKRUWV￿, Q SDUWL FXO DU￿RXU
P RGHOL O O XVWUDWHV Z K\KL JK S RSXO DWL RQ JURZ WK HFRQRP L HV DUH O L N HO \FKDUDFWHUL ]HG E\D
UHO DWL Y HO \KL JK UDWL R RIKXP DQ WR SK\ VL FDOFDSL WDO ￿7 KH VHFRQG HO HP HQW WR QRWH L V WKDW
L Q WKH SUH￿ L QI RUP DWL RQ UHY RO XWL RQ HUD￿WKH FDSL WDOFRVW DVVRFL DWHG Z L WK DGRSWL QJ WKH
Q H Z W H F K Q R OR J \ LV K LJ K U H OD W LYH W R LW V F R V W LQ W H U P V R I K X P D Q F D S LW D O￿ + H Q F H ￿ LQ W K H
￿￿H F R Q R P \ ZLW K D K LJ K H U S R S X OD W LR Q J U R ZW K U D W H ￿ ZK H U H S K \V LF D O F D S LW D O LV W K H U H OD W LYH O\
H [S H Q V LYH ID F W R U F R P S D U H G W R K X P D Q F D S LW D O￿ W K H LQ F H Q W LYH V D U H IR U p U P V W R U H IU D LQ
I URP DGRSWL QJ WKH QHZWHFKQRO RJ\DJJUHVVL Y HO \VL QFH WKH\GR QRW KDY H D FRP SDUDWL Y H
DGY DQWDJH L Q GRL QJ VR￿* L Y HQ WKDW WKH QHZWHFKQRO RJ\L V P RUH Z L GHO \DGRSWHG L Q O RZ
SRSXO DWL RQ JURZ WK HFRQRP L HV DQG WKDW L W L V VN L O OEL DVHG￿WKH SUL FH RIKXP DQ FDSL WDO
ZLOO W H Q G W R E H K LJ K H U LQ W K H OR Z u HFRQRP L HV￿ ) XUWKHUP RUH￿WKH DGRSWL RQ RIWKL V
QHZWHFKQRO RJ\L V WR WKH GHWUL P HQW RIO RZVN L O O HG Z RUN HUV DV L W UHGXFHV L QY HVWP HQW
DQG DY DL O DEO H VN L O OL Q WUDGL WL RQDOP RGHV RISURGXFWL RQ￿Z KL FK DUH ERWK FRP SO HP HQWDU\
W R X Q V NLOOH G OD E R X U ￿ LP S O\LQ J D OR Z S U LF H R I X Q V NLOOH G OD E R X U LQ W K H OR Z S R S X OD W LR Q
JURZ WK HFRQRP L HV￿ ￿￿ : HQRZ H[ DP L QHKRZ WKHL QWURGXFWL RQ RI Y DUL DEO HO DERXUVXSSO \
Do HFWV WKHVH UHVXO WV￿
/HPPD ￿% ￿ , Q WKH VWHDG\VWDWH RIWKH HFRQRP \Z L WK HQGRJHQRXV DFFXP XO DWL RQ
RISK\ VL FDOFDSL WDODQG HQGRJHQRXV O DERXU VXSSO \ ￿L Iv   v￿
￿￿￿D KL JKHU SRSXO DWL RQ
JURZ WK UDWH L V DVVRFL DWHG Z L WK WKH VDP H Ho HFWV DV QRWHG L Q / HP P D ￿$ SO XV￿
s $ O RZ HU HP SO R\ P HQW UDWH￿
s $ O RZ HU SHU FDSL WD O HY HORIHP SO R\ P HQW L Q WKH VHUY L FH VHFWRU￿
3URRI ￿6HH $SSHQGL [ %
7 KH L QWXL WL RQ I RU/HP P D ￿% L V DV I RO O RZ V￿6L QFH WKH HFRQRP \ Z L WK WKH KL JK UDWH
RI SRSXO DWL RQ JURZ WK GRHV QRWWHQG WR DGRSWWKH QHZ WHFKQRO RJ\ DJJUHVVL Y HO \ L Q WKH
SUH￿ L QI RUP DWL RQ UHY RO XWL RQ HUD￿L W WHQGV WR KDY H D P RUH HT XDOZ DJH VWUXFWXUH￿ , Q
WXUQ￿WKH P RUH HT XDOZ DJH VWUXFWXUH L V D GHWHUUHQW WR P DUN HW WUDQVDFWL RQV L Q VHUY L FHV
￿￿1 R WH WKD W WKLV SUR F H VV R I UH D OOR F D WLR Q R I ID F WR UV D F UR VV GLoH UH QW PR GH V R I SUR GXF WLR Q￿ D QG LW LPSOLF D WLR QV￿
L VDNL QW R W K DWS U HV HQ W HGE \ L Q& DV HO O L￿ ￿￿￿￿￿DQ GL Q% HDX G U \ ￿* U HHQ￿ ￿￿￿￿￿ ￿￿￿￿￿ ￿
￿￿7 KLV /H PPD KR OGV WUXH IR U D OO Y D OXH V R I ￿ x o￿￿￿
￿￿EHWZ HHQ P RUH DQG O HVV HGXFDWHG KRXVHKRO G￿+HQFH￿WKH HP SO R\ P HQW UDWH WHQGV WR
EH O RZ HU L Q WKH KL JK SRSXO DWL RQ JURZ WK UDWH HFRQRP L HV UHO DWL Y H WR WKH O RZJURZ WK
U D W H H F R Q R P LH V ￿ D V G R H V W K H V L] H R I W K H V H U YLF H V H F W R U ￿ 1 R W H W K D W W K H H oH F W R I D OOR ZLQ J
HQGRJHQRXVO DERXUVXSSO \ L Q WKL VFDVHL VDFWXDO O \ WR GDP SHQ WKHGL UHFWHo HFWVL QGXFHG
E\ GL o HUHQFHVL Q SRSXO DWL RQ JURZ WK￿ WKDWL V￿ Z L WK HQGRJHQRXVO DERXUVXSSO \ GHFL VL RQ
FRXQWUL HV Z L WK GL o HUHQW UDWHV RISRSXO DWL RQ JURZ WK Z L O OWHQG WR KDY H P RUH VL P L O DU
RXWFRP HVWKDQ L Q WKH DEVHQFH RI DQ HQGRJHQRXVUHVSRQVH RI O DERXU￿7 KH UHDVRQ L VWKDW
E\UHGXFL QJ O DERXU VXSSO \ ￿WKH KL JK SRSXO DWL RQ JURZ WK UDWH HFRQRP L HV DUH DFWXDO O \
UHGXFL QJ WKH UHO DWL Y H VFDUFL W\RISK\ VL FDOFDSL WDOUHO DWL Y H WR KXP DQ FDSL WDO￿, W P D\
WKHUHI RUH EH WKH FDVH WKDW￿L Q WKH SUH￿ L QI RUP DWL RQ UHY RO XWL RQ HUD￿WKH HQGRJHQRXV
UHVSRQVH RIO DERXU FDXVHV WKH QHW Ho HFWV RIS RSXO DWL RQ JURZ WK RQ Z DJHV WR EH RIVP DO O
RUGHU￿ : H Z L O OVHH WKDW WKH RSSRVL WH L V WUXH L Q WKH SRVW￿ L QI RUP DWL RQ UHY RO XWL RQ HUD￿
WKDWL V￿ WKHO DERXUVXSSO \ UHVSRQVHWHQGVWR DP SO L I \ WKHHo HFWVL QGXFHG E\ SRSXO DWL RQ
JURZ WK RQ WKH Z DJH VWUXFWXUH￿7 KL V P D\H[ SO DL Q Z K\Z DJH Ho HFWV GXH WR GL o HUHQFHV
L Q SRSXO DWL RQ JURZ WK P D\KDY H E HFRP H DSSDUHQW RQO \P RUH UHFHQWO \ ￿
￿￿￿ 7 KH 3 RVW￿, QIRU PDWLRQ 5HYROXWLRQ ( U D
: H QRZH[ DP L QH KRZSRSXO DWL RQ JURZ WK Do HFWV HFRQRP L F RXWFRP HV Z KHQ WKH FRVW
RI SURGXFL QJ FRP SXWHUEDVHG FDSL WDO L VO RZ ￿7 KH I RO O RZ L QJ WZ R /HP P DVDGGUHVVWKL V
L VVXH E\H[ DP L QL QJ WKH FDVH Z KHUH WKHUH KDV EHHQ D VXr FL HQWO \O DUJH GHFUHDVH L Q WKH
FRVW RIFRP SXWHU EDVHG FDSL WDO ￿
/HPPD ￿$￿ 7 KHUH H[ L VWV D ve !v ￿ VXFK WKDW￿L Iv y ve￿L Q WKH VWHDG\VWDWH RI
WKH HFRQRP \ Z L WK HQGRJHQRXVDFFXP XO DWL RQ RI KXP DQ DQG SK\ VL FDO FDSL WDO ￿ D KL JKHU
SRSXO DWL RQ JURZ WK UDWH L V DVVRFL DWHG Z L WK￿
s $ OR ZH U S U LF H R I X Q V NLOOH G OD E R X U ￿ Z￿￿
s $ O RZ HU SUL FH RIKXP DQ FDSL WDO￿UK￿
￿￿s $ KL JKHUUHWXUQ WR HGXFDWL RQ ￿
U+
Z￿￿￿
s $ O RZ HUSHUFDSL WD O HY HO RI RXWSXWSURGXFHG XVL QJ WKH WUDGL WL RQDO P RGH RI RUJD￿
QL ]DWL RQ￿
3URRI ￿6HH $SSHQGL [ $
7 KH Ho HFW RID O DUJH HQRXJK UHGXFWL RQ L Q WKH FRVW RIFRP SXWHU EDVHG FDSL WDOL V WR
FKDQJH WKH UHO DWL Y H FRVW VWUXFWXUH RIWKH P RGHUQ Y HUVXV WKH P RUH WUDGL WL RQDOP RGH RI
SURGXFWL RQ￿$ VXr FL HQW L QFUHDVH L Q v LV W K H U H IR U H D OP R V W OLNH LQ YH Q W LQ J D Q H Z P R G H R I
SURGXFWL RQ￿ WKDWL V￿ D WHFKQRO RJ\ WKDWXVHVKXP DQ FDSL WDO L QWHQVL Y HO \ DQG L VHr FL HQWL Q
LW V X V H R I S K \V LF D O F D S LW D O￿ 7K LV S D U W LF X OD U S D W W H U Q R I ID F W R U LQ W H Q V LW LH V F R Q IR U P V ZH OO
WR WKDW DY DL O DEO H L Q KL JK S RSXO DWL RQ JURZ WK HFRQRP L HV DQG KHQFH WKH\QDWXUDO O \P RY H
WR DGRSW WKL V QHZI RUP RISURGXFWL RQ￿6L QFH O RZJURZ WK HFRQRP L HV GR QRW H[ KL EL W
WKH VDP H I DFWRU UDWL RV￿WKH\DGRSW L W O HVV DJJUHVVL Y HO \ ￿$ JDL Q￿JUHDWHU DGRSWL RQ RIWKH
P RGHUQ WHFKQRO RJ\P HDQV O HVV KXP DQ DQG SK\ VL FDOFDSL WDODO O RFDWHG WR WKH WUDGL WL RQDO
WHFKQRO RJ\ DQG￿ KHQFH￿ D O RZ HUXQVN L O O HG Z DJH￿0 RUHRY HU￿ WKH GHFUHDVHL Q WKHSUL FH RI
, 7 I DY RUVVN L O O HG Z RUN HUVDQG KHQFH O HDGV WR DQ L QFUHDVH L Q WKH UHWXUQVWR HGXFDWL RQ￿
￿￿
/HPPD ￿% ￿ 7K H U H H [LV W V D vee !v ￿ VXFK WKDW L Q WKH VWHDG\VWDWH RIWKH HFRQRP \
Z L WK HQGRJHQRXV DFFXP XO DWL RQ RISK\ VL FDOFDSL WDODQG HQGRJHQRXV O DERXU VXSSO \ ￿L I
v y vee ￿WKH S RVW￿ L QI RUP DWL RQ UHY RO XWL RQ HUD￿ DQG L Io LV Q R W W R R OD U J H ￿￿￿D KL JKHU
￿￿*LY H Q WKH Z R UN E \ % O DQ FK DU G￿ ￿￿￿￿￿ ￿L WZ RX O GDO V R E H RIL Q W HU HV WW R NQ RZ W K H S U HG L FW L RQ VRIRX UP RG HO
Z LWK UH VSH F W WR WKH LQF R PH VKD UH R I F D SLWD O￿ $ OWKR XJ K WKLV H oH F W LQ QR W XQD PELJ XR XV LQ R XU PR GH O￿ Z H D UH
D EOH WR VKR Z WKD W￿ LI WKH H QGR J H QR XV UH VSR QVH R I KXPD Q F D SLWD O LV QR W WR R OD UJ H ￿ WKH OR Z SR SXOD WLR Q J UR Z WK
H F R QR P\ Z LWK H [ KLELW D KLJ KH U LQF R PH VKD UH R I F D SLWD O LQ WKH SR VW￿LQIR UPD WLR Q UH Y R OXWLR Q H UD ￿
￿￿7 KH PR UH J H QH UD O VWD WH PH QW LV WKD W WKH UH H [ LVWV D oe VXF K WKD W LI o￿o e￿ WKH Q WKH VWD WH PH QW J LY H Q LQ
/H PPD ￿ % LV WUXH ￿ R WKH UZ LVH WKH R SSR VLWH LV WUXH ￿ :H F KR R VH WR IR F XV R QO\ R Q WKH F D VH Z KH UH o￿o
e VLQF H
WKH R SSR VLWH F D VH GR H V QR W D SSH D U Y H U\ UH OH Y D QW￿ ,Q SD UWLF XOD U￿ LQ WKH F D VH WKD W o!o
e￿ D KLJ KH U SR SXOD WLR Q
J UR Z WK LV D VVR F LD WH G Z LWK D OR Z H U LQWH UH VW UD WH VLQF H WKH VF D UF LW\ R I F D SLWD O D VVR F LD WH G Z LWK KLJ K SR SXOD WLR Q
J UR Z WK LV PR UH WKD Q R oVH W E\ WKH H QGR J H QR XV UH VSR QVH R I OD ER XU VXSSO\ ￿ $ Q H D V\ Z D \ WR Y LVXD OL] H Z KD W LV
KD SSH QLQJ Z KH Q o LV VXrF LH QWO\ OD UJ H LV WR QR WH WKD W WKH J H QH UD O H T XLOLEULXP VXSSO\ D QG GH PD QG F XUY H V IR U
F D SLWD O QR OR QJ H U F UR VV LQ WKH VWD QGD UG ID VKLR Q￿
￿￿SRSXO DWL RQ JURZ WK UDWH L V DVVRFL DWHG Z L WK WKH VDP H SKHQRP HQD DV QRWHG L Q /HP P D
￿$ SO XV￿
s $ K LJ K H U H P S OR \P H Q W U D W H ￿
s $ K LJ K S H U F D S LW D OH YH O R I H P S OR \P H Q W LQ W K H V H U YLF H V H F W R U ￿
3URRI ￿6HH $SSHQGL [ %
7 KH P HFKDQL VP V DW Z RUNL Q / HP P D ￿% DUH WKH VDP H DV WKRVH EHKL QG WKH HDUO L HU
UHVXO WV￿, Q WKH S RVW￿ L QI RUP DWL RQ UHY RO XWL RQ HUD￿WKH KL JK S RSXO DWL RQ JURZ WK HFRQRP \L V
DGRSWL QJ WKH P RGHUQ WHFKQRO RJ\ DJJUHVVL Y HO \ WKHUHE\ O HDGL QJ WR D JUHDWHUGL VSDUL W\ L Q
ZD J H V E H W ZH H Q OR Z D Q G K LJ K V NLOOH G LQ G LYLG X D OV ￿ 7K LV G LV S D U LW \ LQ ZD J H V LQ W X U Q ID YR X U V
JUHDWHU P DUN HW WUDQVDFWL RQV L Q VHUY L FHV EHWZ HHQ KL JK DQG O RZVN L O O HG KRXVHKRO G￿ , Q
Ho HFW￿ KRXVHKRO GVZ L WK KL JK O HY HO VRI KXP DQ FDSL WDO L QFUHDVH WKHL UO DERXUVXSSO \ DQG
SXUFKDVH D JUHDWHU DP RXQW RIVHUY L FHV L Q WKH P DUN HW￿7 KL V O HDGV WR D KL JKHU UDWH RI
HP SO R\ P HQWDQG D O DUJHUVHUY L FHVHFWRU￿, Q DGGL WL RQ￿ WKHHo HFWRI O DERXUVXSSO \ L Q WKL V
FDVH L V WR DP SO L I \WKH Ho HFWV VWDWHG L Q / HP P D ￿$ ￿) RU H[ DP SO H￿DV WKH P RUH HGXFDWHG
KRXVHKRO G Ro HUV P RUH O DE RXU L Q WKH P DUN HW WKL V I XUWKHU I DY RXUV WKH DGRSWL RQ RIWKH
P R G H U Q IR U P R I W H F K Q R OR J \ V LQ F H LW LV V NLOOH G E LD V H G ￿ &D S LW D O ZLOO E H V K LIW H G W R ZD U G W K H
P RGHUQ WHFKQRO RJ\ ￿I XUWKHU L QFUHDVL QJ WKH FDSL WDOVFDUFL W\L Q WKH WUDGL WL RQDOP RGH RI
SURGXFWL RQ￿: L WK O HVVFDSL WDO DSSO L HG WR WKHWUDGL WL RQDO WHFKQRO RJ\ ￿ O RZ VN L O O HG Z DJHV
G U R S D Q G W K H U R OH R I OR Z V NLOOH G ZR U NH U V D V S U R YLG H U V R I V H U YLF H V W R W K H P R U H H G X F D W H G
KRXVHKRO GVL VH[ SDQGHG￿
￿￿￿ 7 KH SHU IRU PDQFH RI KLJK DQG ORZ SRSXODWLRQ JU RZWK U DWH HFRQRPLHV
RYHU WKH VSDQ RI WKH LQIRU PDWLRQ U HYROXWLRQ
, Q WKL V VHFWL RQ Z H VL P SO \ JDWKHUWRJHWKHUWKH HO HP HQWVSUHVHQWHG L Q /HP P DV￿$￿ ￿% ￿ ￿$
DQG ￿% L Q RUGHU WR HP SKDVL ]H WKH SUHGL FWL RQV RIRXU P RGHOL Q WHUP V RIFKDQJHV L Q I DFWRU
￿￿SUL FHV DQG SURGXFWL RQ VWUXFWXUH UHDO L ]HG RY HU WKH VSDQ RIDQ L QI RUP DWL RQ UHY RO XWL RQ￿
5 HFDO O ￿WKDW L W L V WKH FRQWHQWV RI3 URSRVL WL RQV ￿ DQG ￿ Z KL FK Z H E HO L HY H DUH HP SL UL ￿
FDO O \UHO HY DQW VL QFH￿GXH WR WKH ￿EHI RUH DQG DI WHU￿ QDWXUH RIWKH H[ HUFL VH￿RQO \WKHVH
SUHGL FWL RQV DUH UREXVW WR SRWHQWL DO O \RP L WWHG FRXQWU\p[ HG Ho HFWV RU RWKHU FRP P RQ
WL P H WUHQGV￿
3 U RSRVLWLRQ ￿￿, Q WKH HFRQRP \Z L WK HQGRJHQRXV DFFXP XO DWL RQ RIERWK SK\ VL FDO
DQG KXP DQ FDSL WDO ￿L IWKHUH L V D VXr FL HQWO \O DUJH UHGXFWL RQ L Q WKH FRVW RI,7 FDSL WDO
￿VWDUWL QJ I URP v   v￿￿￿WKHQ WKH KL JKHU DQ HFRQRP \ ￿ V UDWH RISRSXO DWL RQ JURZ WK UDWH
s 7K H S R R U H U W K H S H U IR U P D Q F H LQ W H U P V R I W K H S U LF H R I X Q V NLOOH G OD E R X U ￿
s 7 KH JUHDWHU WKH L QFUHDVH L Q WKH UHWXUQV WR HGXFDWL RQ￿￿￿
s 7 KH JUHDWHU WKH FKDQJH WRZ DUGV XVL QJ WKH P RGHUQ P RGH RIRUJDQL ]DWL RQ P RUH
LQ W H Q V LYH O\￿￿￿
3 U R R I￿ 7K H V H U H V X OW V IR OOR Z G LU H F W O\ IU R P / H P P D ￿ $ D Q G / H P P D ￿ $ D Q G W K H OR J LF
SUHVHQWHG DWWKH EHJL QQL QJ RI 6HFWL RQ ￿
3 U RSRVLWLRQ ￿￿, Q WKHHFRQRP \ Z L WK HQGRJHQRXVDFFXP XO DWL RQ RI SK\ VL FDO FDSL WDO ￿
L IWKHUH L V D VXr FL HQWO \O DUJH UHGXFWL RQ L Q WKH FRVW RI,7 FDSL WDO￿VWDUWL QJ I URP v   v￿￿
DQG L I o L V QRW WRR O DUJH￿WKHQ D KL JKHU WKH UDWH RIS RSXO DWL RQ JURZ WK L P SO L HV WKH VDP H
Ho HFWV DV VWDWHG L Q SURSRVL WL RQ ￿ SO XV L W L P SO L HV￿
￿￿1 R WH WKD W WKH H oH F W R I SR SXOD WLR Q J UR Z WK R Q WKH F KD QJ H LQ WKH SULF H R I KXPD Q F D SLWD O￿ D V R SSR VH G WR WKH
UH WXUQ￿ LV D PELJ XR XV￿ 0 R UH R Y H U￿ WKH PR GH O LV F R QVLVWH QW Z LWK F R XQWULH V KD Y LQJ VLPLOD U F KD QJ H V LQ H GXF D WLR QD O
D WWD LQPH QW EXW OD UJ H F KD QJ H V LQ WKH UH WXUQ WR H GXF D WLR Q￿
￿￿) UR P /H PPD ￿ $ D QG ￿ $ ￿ Z H N QR Z WKD W D KLJ K SR SXOD WLR Q J UR Z WK H F R QR P\ J R H V IUR P KD Y LQJ D UH OD WLY H O\
OR Z OH Y H O R I D F WLY LW\ LQ WKH PR GH UQ WH F KQR OR J \ WR KD Y LQJ D OR Z OH Y H O R I D F WLY LW\ LQ WKH WUD GLWLR QD O WH F KQR OR J \ ￿
,W LV LQ WKLV VH QVH WKD W Z H F D Q VD \ WKD W WKH KLJ K SR SXOD WLR Q J UR Z WK H F R QR P\ H [ KLELWV D J UH D WH U F KD QJ H WR Z D UGV
XVLQJ WKH PR GH UQ PR GH R I R UJ D QL] D WLR Q PR UH LQWH QVLY H O\ ￿ ,I IXUWKH UPR UH Z H D VVXPH WKD W WKH H OD VWLF LW\ R I
H GXF D WLR Q VXSSO\ LV QR W WR R J UH D W ￿ 4
￿￿ !! ￿ ￿￿ WKH Q R Y H U WKH F R XUVH R I WKH LQIR UPD WLR Q UH Y R OXWLR Q￿ LW F D Q
EH VKR Z Q WKD W WKH KLJ K SR SXOD WLR Q J UR Z WK H F R QR P\ LV D F WXD OO\ F KD UD F WH UL] H G E\ D J UH D WH U LQF UH D VH LQ WKH
IUD F WLR Q R I R XWSXW SUR GXF H G XVLQJ WKH PR GH UQ IR UP R I R UJ D QL] D WLR Q￿
￿￿s D O DUJHU JURZ WK L Q S HU FDSL WD HP SO R\ P HQW￿
s D O DUJHU JURZ WK L Q SHU FDSL WD HP SO R\ P HQW L Q WKH VHUY L FH VHFWRU￿
3 U R R I￿ 7K H V H U H V X OW V IR OOR Z G LU H F W O\ IU R P / H P P D ￿ $ D Q G / H P P D ￿ $ D Q G W K H OR J LF
SUHVHQWHG DWWKH EHJL QQL QJ RI 6HFWL RQ ￿
7 KH JHQHUDOSL FWXUH WKDW HP HUJHV I URP 3URSRVL WL RQ ￿ DQG ￿ L V RQH VXJJHVWL QJ WKDW
WKH L QI RUP DWL RQ UHY RO XWL RQ FDQ Do HFW HFRQRP L F RXWFRP HV DFURVV FRXQWUL HV Y HU\GL o HU￿
HQWO \VL P SO \E HFDXVH FRXQWUL HV GL o HU L Q WKHL U UDWHV RIS RSXO DWL RQ JURZ WK￿ , Q Ho HFW￿
WKHVH SURSRVL WL RQVVXJJHVWWKDWKL JK SRSXO DWL RQ JURZ WK HFRQRP L HVP D\ H[ SHUL HQFH D
WUDQVI RUP DWL RQ L QGXFHG E\WKH L QI RUP DWL RQ UHY RO XWL RQ Z KL FK￿ERWK L Q WHUP V RIWKH
VWUXFWXUH RIZ DJHV DQG L Q WHUP V RIWKH VWUXFWXUH RISURGXFWL RQ DQG HP SO R\ P HQW￿L V
P XFK JUHDWHU L V VFRS H WKDQ WKDW L QGXFHG L Q O RZSRSXO DWL RQ JURZ WK HFRQRP L HV￿ 7 KH
LQ W X LW LR Q E H K LQ G W K H V H S U R S R V LW LR Q V LV W K H V D P H D V W K D W G LV F X V V H G ZLW K W K H / H P P D V ￿
, Q RXU I UDP HZ RUN ￿WKH L QI RUP DWL RQ UHY RO XWL RQ FDXVHV P RGHUQ SURGXFWL RQ SURFHVVHV
￿RU P RGHUQ I RUP RIZ RUNRUJDQL ]DWL RQ￿￿Z KL FK UHO \RQ FRP SXWHU EDVHG FDSL WDO ￿I URP
L QL WL DO O \E HL QJ SURFHVVHV Z KL FK DUH UHO DWL Y HO \FRVWO \L Q WHUP V RIFDSL WDOH[ S HQGL WXUHV
WR SURFHVVHV Z KL FK DUH L QH[ S HQVL Y H L Q WHUP V RIFDSL WDOH[ S HQGL WXUHV￿ ￿￿ ’XHW RW KL V
FKDQJH￿FRXQWUL HV Z L WK KL JK S RSXO DWL RQ JURZ WK UDWHV pQG L W WR WKHL U DGY DQWDJH WR
DJJUHVVL Y HO \DGRSW WKH P RUH P RGHUQ I RUP RISURGXFWL RQ DV D P HDQV RIWDN L QJ DGY DQ￿
W D J H R I W K H LU U H OD W LYH O\ K LJ K U D W LR R I K X P D Q F D S LW D O W R S K \V LF D O F D S LW D O￿ 7K X V ￿ W K H V H
FRXQWUL HV P RY H I URP EHL QJ VO RZL Q L P SO HP HQWL QJ QHZFRP SXWHU EDVHG WHFKQRO RJL HV
￿O L N H URE RWL FV L Q WKH VHY HQWL HV￿￿WR E HL QJ WKH O HDGHUV￿ 7 KH VKL I W WRZ DUG WKH P RGHUQ
W H F K Q R OR J \ LP S OLH V D V K LIW D ZD \ IU R P W K H W U D G LW LR Q D O W H F K Q R OR J \ ZK LF K K D U P V W K H OR Z
V NLOOH G ZR U NH U V H P S OR \H G W K H U H ￿ 7K H OR Z V NLOOH G ZR U NH U V W K H Q U H V S R Q G E \ H [S OR LW ￿
L QJ QHZRSSRUWXQL WL HV L Q WKH VHUY L FH VHFWRU￿ 7 KH P RUH VN L O O HG Z RUN HUV L Q WKH KL JK
SRSXO DWL RQ JURZ WK HFRQRP L HV UHFRJQL ]H WKH JDL QV DVVRFL DWHG Z L WK UHGXFL QJ WKHL U WL P H
￿￿,Q H oH F W￿ WKH VH SUR F H VVH V EH F R PH R QH V Z KH UH WKH PD MR U F R VW GLVD GY D QWD J H LV WH UPV R I KXPD Q F D SLWD O D V
R SSR VH G WR SK\ VLF D O F D SLWD O￿
￿￿GHY RWHG WR KRXVHKRO G VHUY L FHV DQG L QVWHDG VXSSO \P RUH WL P H WR WKH P DUN HW DQG EX\
P R U H V H U YLF H V ￿ % R W K W K H V H OD W W H U H oH F W V S OD \ D Q D P S OLI\LQ J U R OH LQ W K H H Q W LU H S U R F H V V ￿
SRWHQWL DO O \FDXVL QJ VP DO OGL o HUHQFHV L Q S RSXO DWL RQ JURZ WK WR JHQHUDWH O DUJH GL o HUHQFHV
L Q Z DJH SURpO HV DQG HP SO R\ P HQW SDWWHUQV￿
￿ *HQHU DOL]DWLRQ DQG 5HODWHG /LWHU DWXU H
3URSRVL WL RQV ￿ DQG ￿ KDY H EHHQ GHUL Y HG Z L WKL Q WKH FRQpQHV RI D VSHFL pF P RGHO Z L WK
SDUWL FXO DU SDUDP HWUL F DVVXP SWL RQV￿ , W L V WKHUHI RUH QDWXUDOWR DVN ￿￿￿￿ Z KDW DUH WKH
JHQHUDOP HFKDQL VP V GUL Y L QJ WKHVH UHVXO WV DQG ￿￿￿ DUH WKHVH P HFKDQL VP V UREXVW WR WKH
UHO D[ DWL RQ RIRIN H\DVVXP SWL RQV￿ , Q RUGHU WR DQ DQVZ HU WKHVH T XHVWL RQV￿Z H EHJL Q
E\QRWL QJ WKDW WKHUH DUH HVVHQWL DOI RXU HO HP HQWV GUL Y L QJ RXU UHVXO WV￿7 KH pUVW UHO DWHV
WR WKH P HFKDQL VP E\Z KL FK S RSXO DWL RQ JURZ WK Do HFWV D FRXQWU\ ￿ V DFFXP XO DWL RQ RI
I DFWRUV￿ 7 KH VHFRQG UHO DWHV WR KRZWKH HFRQRP \I XQFWL RQV Z KHQ WKH FDSL WDOFRVW
DVVRFL DWHG Z L WK WKH VN L O OEL DVHG ￿P RGHUQ￿ WHFKQRO RJ\DUH UHO DWL Y H KL JK￿ 7 KH WKL UG
UHO DWHV WR KRZWKH HFRQRP \I XQFWL RQV Z KHQ WKH FDSL WDOFRVWV DVVRFL DWHG Z L WK WKH VN L O O
EL DVHG ￿P RGHUQ￿ WHFKQRO RJ\DUH UHO DWL Y HO \O RZ ￿7 KH I RXUWK HO HP HQW UHO DWHV WR Z KHWKHU
D VXr FL HQW UHGXFWL RQ L Q WKH UHO DWL Y H SUL FH RIFRP SXWHU EDVHG FDSL WDO￿WKH W\ SH RI
FDSL WDOXVHG L Q WKH P RGHUQ WHFKQRO RJ\ ￿ Z L O OFDXVH WKH HFRQRP \WR JR I URP D VL WXDWL RQ
Z KHUH WKH P RGHUQ WHFKQRO RJ\ KDVUHO DWL Y HO \ KL JK FDSL WDO FRVWVWR RQH Z L WK UHO DWL Y HO \
OR Z F D S LW D O F R V W V ￿ D F R Q G LW LR Q W K D W ZH P D NH S U H F LV H E H OR Z￿ ￿ 7K H P H F K D Q LV P E \ ZK LF K
SRSXO DWL RQ JURZ WK Do HFWV I DFWRU L QWHQVL WL HV L Q RXU P RGHOL V VL P L O DU WR WKDW L Q 6RO RZ
￿￿￿￿￿￿￿DQG KHQFH L V T XL WH FRQY HQWL RQDO ￿$V Z H GL VFXVV EHO RZ ￿WKH VHFRQG DQG WKL UG
HO HP HQWV DUH DO VR T XL WH JHQHUDOL Q QDWXUH￿ , W L V WKH I RXUWK HO HP HQW WKDW L V WKH P RVW
SDUWL FXO DUDQG GL r FXO WWR SURY H￿7 KL VP D\ EHVXUSUL VL QJ JL Y HQ WKDWWKHI RXUWK HO HP HQW
DSSHDUV DW pUVW JO DQFH WR EH DO P RVW WUL Y L DO ￿+RZ HY HU￿JL Y HQ WKDW WKL V HO HP HQW L QY RO Y HV
D QRQ￿ P DUJL QDO FKDQJHL Q WKHG\ QDP L FJHQHUDO HT XL O L EUL XP VHWWL QJ￿ L WL VWKHRQHZ KL FK
L V P RUH L QY RO Y HG DQG WKHUHI RUH UHT XL UHG XV WR EH P RUH VSHFL pF￿/ HW XV EH P RUH SUHFL VH
￿￿DE RXW HDFK RIWKH O DVW WKUHH HO HP HQWV￿
, Q RUGHU WR XQGHUVWDQG WKH EXL O GL QJ EO RFN V EHKL QG RXU UHVXO WV￿L W L V KHO SI XOKDY H






: GHQRWH XQL W I DFWRU L QSXW UHT XL UHP HQWV JL Y HQ D Y HFWRU RI
I DFWRU SUL FHV : ￿) RU H[ DP SO H￿,70
: UHSUHVHQWV WKH DP RXQW RI, 7FDSL WDOS HU XQL W RI
RXWSXW XVHG L Q WKH P RGHUQ WHFKQRO RJ\JL Y HQ D Y HFWRU RII DFWRU SUL FHV DUH :￿, Q WKH
SDUWL FXO DU SDUDP HWHUL ]DWL RQ JL Y HQ E\( T XDWL RQ ￿￿￿￿,70
: LV V LP S O\ H TX D O W R ￿ ￿ : H ZLOO
P DL QWDL Q KHUH^ DO WKRXJK L WFDQ DO VR EHJHQHUDO L ]HG ^ WKHDVVXP SWL RQ WKDWWKHP RGHUQ
WHFKQRO RJ\XVHV RQO \KXP DQ FDSL WDODQG , 7FDSL WDO ￿Z KL O H WKH RO G WHFKQRO RJ\XVHV
KXP DQ FDSL WDO ￿WUDGL WL RQDOFDSL WDODQG XQVN L O O HG O DERXU￿* L Y HQ WKL V QRWDWL RQ￿Z H FDQ
VD\WKDW DW I DFWRU SUL FHV : W K H P R G H U Q W H F K Q R OR J \ LV V NLOO E LD V H G D Q G U H OD W LYH O\ F R V W O\











! ￿￿& RUUHVSRQGL QJO \ ￿ Z H FDQ VD\ WKDWWKH P RGHUQ











￿QRWH WKDW WKHVH DUH M XVW GHpQL WL RQV￿￿ $V VKRZ Q L Q WKH SURRI V L Q WKH $SSHQGL FHV￿
Z L WKRXW XVL QJ VSHFL pF DVVXP SWL RQV DERXW WKH SURGXFWL RQ WHFKQRO RJ\ ￿Z H FDQ P DN H
WKH JHQHUDOVWDWHP HQW WKDW L IWKH SUH￿ L QI RUP DWL RQ UHY RO XWL RQ HUD L V FKDUDFWHUL ]HG E\











! ￿￿￿WKHQ DO OWKH FRP SDUDWL Y H VWDWL F VWDWHP HQWV L Q / HP P DV ￿$ DQG ￿%
I RO O RZ ￿ ) XUWKHUP RUH￿L IL Q WKH SRVW L QI RUP DWL RQ HUD￿WKH P RGHUQ WHFKQRO RJ\L V VN L O O












DO OWKH FRP SDUDWL Y H VWDWL F VWDWHP HQWV RI/HP P D ￿$ DQG /HP P D ￿% I RO O RZ ￿ ￿￿ 7K X V ￿
WKH VHFRQG DQG WKL UG HO HP HQWV QHHGHG WR SURY H 3 URSRVL WL RQV ￿ DQG ￿ FDQ EH Y L HZ HG
DV T XL WH JHQHUDO ￿
7K H P R U H G Lr F X OW H OH P H Q W W R V K R Z LV W K H F R Q G LW LR Q V X Q G H U ZK LF K D V X r F LH Q W O\ OD U J H
￿￿) R U WKH H OH PH QWV R I /H PPD ￿ % WR IR OOR Z ￿ Z H QH H G WR PD LQWD LQ WKH D VVXPSWLR Q WKD W WKH H OD VWLF LW\ R I
OD ER XU VXSSO\ Z LWK UH VSH F W WR WKH UH WXUQ WR H GXF D WLR Q LV QR W WR R OD UJ H ￿ 6H H WKH GLVF XVVLR Q LQ IR R WQR WH ￿ ￿ ￿























￿+HUH WKH SDUWL FXO DU SDUDP HWHUL ]DWL RQ RIWHFKQRO RJL HV
JL Y HQ E\( T XDWL RQV ￿￿￿ DQG ￿￿￿ DUH KHO SI XOVL QFH WKH\UHGXFH WKH DERY H VWDWHP HQW
WR VKRZ L QJ WKDW￿I RU D VXr FL HQWO \O DUJH L QFUHDVH L Q v￿Z H QHFHVVDUL O \P RY H I URP D












￿￿￿ $O WKRXJK Z H KDY H SURY HQ WKL V
W K LU G H OH P H Q W R Q O\ IR U D S D U W LF X OD U S D U D P H W H U L] D W LR Q ￿ ZH Q H YH U W K H OH V V E H OLH YH W K D W W K H
LQ V LJ K W LV P R U H J H Q H U D O￿ 7K H D U J X P H Q W LV D V IR OOR ZV ￿ ,Q W K H S U H ￿LQ IR U P D W LR Q U H YR OX W LR Q
SHUL RG￿ Z KHQ WKH UHO DWL Y H SUL FH RI FRP SXWHUEDVHG FDSL WDO L VKL JK ￿v OR Z￿ ￿ W K H F D S LW D O
FRVW SHU XQL W RIRXWSXW SURGXFHG XVL QJ WKH P RGHUQ WHFKQRO RJ\Z L O OP RVW O L N HO \EH











! ￿ L V O L N HO \VDWL VpHG
Z L WK WKH DVVRFL DWHG FRP SDUDWL Y H VWDWL F L P SO L HG E\/ HP P D ￿$ DQG ￿% ￿, Q FRQWUDVW￿
DI WHU WKH L QI RUP DWL RQ UHY RO XWL RQ￿Z KHQ WKH FRVW RIFRP SXWHU EDVHG FDSL WDOKDV I DO O HQ
GUDVWL FDO O \ ￿ WKHFDSL WDO FRVWSHUXQL WRI RXWSXWSURGXFHG XVL QJ WKHP RGHUQ WHFKQRO RJ\












O L N HO \WR E H VDWL VpHG L P SO \ L QJ WKH FRP SDUDWL Y H VWDWL F UHVXO WV VWDWHG L Q / HP P D ￿$ DQG
￿% ￿, Q RWKHU Z RUGV￿D GUDVWL F I DO OL Q WKH FRVW RIFRP SXWHU EDVHG FDSL WDOL V O L N HO \WR
FDXVH D I DFWRU UHY HUVDORIWKH W\ S H Z KHUH FDSL WDOFRVWV Z HUH L QL WL DO O \UHO DWL Y HO \KL JK
I RU WKH P RGHUQ Y HUVXV RO GHU WHFKQRO RJ\EXW EHFRP H UHO DWL Y HO \O RZRY HU WL P H￿7 KXV￿
RY HU WL P H WKH VN L O OEL DVHG DVS HFW RIWKH P RGHUQ WHFKQRO RJ\E HFRP HV GRP L QDQW￿2 XU
DSSURDFK KDV E HHQ WR VKRZWKL V L QWXL WL RQ L V L Q Ho HFW HQWL UHO \Y HUL pHG I RU WKH VL P SO H
DQG WUDFWDEO H FDVH Z KHUH WKH WHFKQRO RJL HV VDWL VI \( T XDWL RQV ￿￿￿ DQG ￿￿￿￿￿￿
￿￿,Q D GH H S VH QVH ￿ WKH UH LV QR WKLQJ WKH R UH WLF D OO\ QH Z LQ R XU D SSUR D F K VLQF H Z H D UH VLPSO\ LOOXVWUD WLQJ KR Z
D ID F WR U UH Y H UVD O F D Q F D XVH GUD VWLF F KD QJ H V LQ WKH IXQF WLR QLQJ R I D Q H F R QR P\ ￿ Z KLF K LV D UD WKH U Z H OO N QR Z Q
SKH QR PH QD IR U WUD GH WKH R ULVWV￿ + R Z H Y H U￿ LQ D Q D SSOLH G VH QVH ￿ Z KD W LV QH Z LQ WKLV SD SH U LV WKD W Z H D UH
VKR Z LQJ Z K\ WKH UH GXF WLR Q LQ F R PSXWH U ED VH G F D SLWD O F D Q￿ LQ D QG R I LWVH OI￿ F D XVH D ID F WR U UH Y H UVD O WKD W LV
SUH F LVH O\ R I D W\ SH Z KLF K F D Q D F F R XQW IR U PD Q\ R I WKH R EVH UY H G GLoH UH QF H V LQ H F R QR PLF SH UIR UPD QF H D F UR VV
F R XQWULH V￿
￿￿￿￿￿ 5HODWHG /LWHU DWXU H
7 KHUH DUH WZ R P DL Q VWUDQGV RIO L WHUDWXUH UHO DWHG WR WKL V SDS HU￿2 Q WKH RQH KDQG￿WKHUH
L V WKH O L WHUDWXUH DL P HG DW H[ SO DL QL QJ UHFHQW FKDQJHV L Q WKH Z DJH VWUXFWXUH ￿( [ DP SO H￿
. DW] DQG 0 XUSK\ ￿￿￿￿￿￿￿ % RXQG ￿ - RKQVWRQ ￿￿￿￿￿￿￿ $FHP RJO X ￿￿￿￿￿￿ ￿￿￿￿ % HDXGU\ ￿
* UHHQ ￿￿￿￿￿￿ ￿￿￿￿￿￿ & DVHO O L￿￿￿￿￿￿￿+HFN P DQ￿/RFN QHU￿7 DEHU ￿￿￿￿￿￿￿￿7 KL V O L WHUDWXUH
KDVI RFXVHG SUL P DUL O \ RQ H[ SO DL QL QJ WKH REVHUY HG L QFUHDVH L Q WKHUHWXUQVWR HGXFDWL RQ
L Q WKH86 ￿ 2 Q WKHRWKHUKDQG￿ WKHUHL VWKH O L WHUDWXUHZ KL FK H[ DP L QHVKRZ UHGXFWL RQV
L Q WKH FRVW RIFRP SXWHUV ￿RU HT XL SP HQW P RUH JHQHUDO O \ ￿ FDQ H[ SO DL Q D VHW RIUHFHQW
SKHQRP HQD ￿([ ￿* UHHQZ RRG ￿ <RUXN RJO X ￿￿￿￿￿￿￿* UHHQZ RRG￿+HUFRZ L W] DQG . UXVHO O
￿￿￿￿￿￿￿* UHHQZ RRG ￿- RY DQRY L F ￿￿￿￿￿￿￿. UXVHO O ￿2 KDQL DQ￿5 L RV￿ 5 XO ODQG 9L RO DQWH
￿￿￿￿￿￿￿￿, Q SDUWL FXO DU￿WKH SDSHU E\. UXVHO O ￿2 KDQL DQ￿5 L RV￿ 5 XO ODQG 9 L RO DQWH ￿￿￿￿￿￿
E U LG J H V W K H V H W ZR OLW H U D W X U H V E \ H [D P LQ LQ J W K H H [W H Q W W R ZK LF K W K H G H F U H D V H LQ W K H
FRVW RIHT XL SP HQW￿GXH WR FDSL WDOVN L O O ￿ FRP SO HP HQWDUL W\ ￿FDQ DFFRXQW I RU WKH L QFUHDVHG
UHWXUQV WR HGXFDWL RQ REVHUY HG L Q WKH 8 6￿6L QFH WKL V O DWHU SDS HU L V P RVW FO RVHO \UHO DWHG
WR RXU GL VFXVVL RQ￿DQG E HFDXVH L W HP SKDVL ]HV Ho HFWV WKDW P D\DSS HDU RSS RVL WH WR WKRVH
LP S OLH G K H U H ￿ ZH ZD Q W W R K LJ K OLJ K W W K H V LP LOD U LW LH V D Q G G LoH U H Q F H V E H W ZH H Q W K H W ZR
DSSURDFKHV￿, W VKRXO G EH L P P HGL DWHO \QRWHG WKDW WKH SDSHU E\. UXVHO O￿DO ￿GRHV
QRW DGGUHVV WKH VDP H L VVXH DV WKH RQH HP SKDVL ]HG KHUH￿DQG WKHUHI RUH D FRP SDUL VRQ
L V QRW VWUDL JKWI RUZ DUG￿
7K H P D LQ V LP LOD U LW LH V E H W ZH H Q R X U P R G H O D Q G W K D W R I . U X V H OO H W D O￿ LQ YR OYH W K H ID F ￿
WRU HQY L URQP HQW￿, Q SDUWL FXO DU￿E RWK SDSHUV XVH WKH VDP H I RXU I DFWRUV RISURGXFWL RQ￿
DQG ERWK DSSURDFKHVDVVXP H WKDWFRP SXWHUEDVHG FDSL WDO L VFRP SO HP HQWDU\ WR VN L O O HG
O DERXU￿) XUWKHUP RUH￿WKH UHO DWL Y H FRVW E HWZ HHQ WKH WZ R W\ SHV RIFDSL WDOL V WUHDWHG DV
DQ H[ RJHQRXV Y DUL DEO H￿7 KH P DL Q GL o HUHQFHV EHWZ HHQ WKH WZ R P RGHO L QJ DSSURDFKHV
L QY RO Y HGL o HUHQFHVL Q WKHVSHFL pFDWL RQ RI I DFWRUVXSSO \ GHFL VL RQV￿ DQG GL o HUHQFHVL Q WKH
VSHFL pFDWL RQ RI WKHDJJUHJDWHWHFKQRO RJ\ ￿$O WKRXJK WKHGL o HUHQFHVL Q WKHVSHFL pFDWL RQ
RI I DFWRUVXSSO L HVKDVEHDUL QJ RQ WKHL VVXHDWKDQG￿ Z HWKL QN WKDWWKHP RVWL P SRUWDQW
￿￿DQG UHO HY DQW GL o HUHQFH L QY RO Y HV WKH VSHFL pFDWL RQ RIWKH DJJUHJDWH WHFKQRO RJ\ ￿+HQFH
ZH ZLOO IR F X V R Q F OD U LI\LQ J K R Z R X U U H V X OW V ZR X OG E H G LoH U H Q W LI ZH D G R S W H G . U X V H OO
DQG DO ￿ V VSHFL pFDWL RQ RIDJJUHJDWH WHFKQRO RJ\DV RSSRVHG WR RXU DSSURDFK Z KHUH WKH
DJJUHJDWH WHFKQRO RJ\ L VGHWHUP L QHG HQGRJHQRXVO \ L Q UHVSRQVH WR pUP V￿ RSWL P DO FKRL FH
RIWHFKQL T XHV￿) XUWKHUP RUH￿Z H Z L O OL QGL FDWH KRZWKH WZ R DSSURDFKHV FDQ E H GL o HU￿
HQWL DWHG HP SL UL FDO O \ ￿ ) RU HDVH RISUHVHQWDWL RQ￿Z H Z L O OP DL QWDL Q RXU QRWDWL RQ DQG
XVH WKH SURGXFWL RQ I XQFWL RQ )$￿ .￿,7￿+￿/￿  .o￿+o￿￿ D,7 ￿￿￿ b D￿ /￿ ￿bo￿bo￿ DV
UHSUHVHQWDWL Y H RIWKDW XVHG E\. UXVHO ODQG DO ￿ ￿ ￿￿
/ HW XV pUVW HP SKDVL ]H WKDW L Q RXU P RGHOWKHUH L V D Z HO OGHpQHG DJJUHJDWH SURGXF￿
WL RQ I XQFWL RQ WKDW FDQ EH FRP SDUHG Z L WK WKH RQH XVHG L Q . UXVHO ODQG DO ￿ ￿, Q Ho HFW￿WKH
DJJUHJDWH SURGXFWL RQ L V RXU P RGHOL V VL P SO \WKH HQY HO RSH I XQFWL RQ )￿ .￿,7￿+￿/￿GH ￿
pQHG E\ )￿ .￿,7￿+￿/￿ PD[ +2￿+0 )2￿ .￿+2￿/￿￿ )0￿ ,7￿+0￿ V ￿W ￿ +0 ￿+2  
+￿ + RZ HY HU￿L W L V QRW Y HU\L O O XP L QDWL QJ WR FRP SDUH ) $￿ .￿,7￿+￿/￿ G LU H F W O\ ZLW K
)￿ .￿,7￿+￿/￿￿ , QVWHDG￿Z KDW L V L QWHUHVWL QJ L V WR FRP SDUH WKH L P SO L FDWL RQV RIHDFK
RIWKHVH WZ R DJJUHJDWH SURGXFWL RQ I XQFWL RQV I RU WKH UHO DWL RQVKL S E HWZ HHQ WKH UHWXUQ
WR HGXFDWL RQ DQG WKH DJJUHJDWH FDSL WDOVWRFN ￿GHpQHG DV a .   . ￿
,7
v ￿ V LQ F H LW LV
WKH DJJUHJDWH FDSL WDOVWRFNZ KL FK L V Do HFWHG E\S RSXO DWL RQ JURZ WK￿ 7 R WKL V HQG￿
O H WX VG H p Q H a )$￿ a .￿+￿/￿v￿ DV WKH HQY HO RSH I XQFWL RQ JL Y HQ E\P D[ ) $￿ .￿,7￿+￿/￿
V￿ W￿ a .   . ￿ ,7
v ￿ D Q G OH W a )￿ a .￿+￿/￿v￿ EH GHpQHG L Q D VL P L O DU I DVKL RQ￿7 KHVH WZ R
QHZSURGXFWL RQ I XQFWL RQV￿Z KL FK DUH JL Y HQ EHO RZ ￿DUH VL P SO \WKH DJJUHJDWH SURGXF￿
WL RQ I XQFWL RQV GHpQHG RY HU WKH DJJUHJDWH FDSL WDOVWRFN ￿DVVXP L QJ WKDW WKH DJJUHJDWH
FDSL WDOVWRFNL V Hr FL HQWO \DO O RFDWHG EHWZ HHQ WUDGL WL RQDOFDSL WDODQG FRP SXWHU EDVHG
FDSL WDO ￿ 6L QFH E RWK P RGHO V DVVXP H WKDW FDSL WDOL V Hr FL HQWO \DO O RFDWHG￿WKHVH WZ R
UHGXFHG I RUP SURGXFWL RQ I XQFWL RQV DUH UHO HY DQW DJJUHJDWH SURGXFWL RQ I XQFWL RQV￿￿￿
￿￿7 KLV LV D VSH F LD O F D VH R I WKH SUR GXF WLR Q IXQF WLR Q VSH F LpH G LQ . UXVH OO D QG D O￿ :H F KR R VH WKLV VSH F LD O F D VH
VLQF H LW D OOR Z V WR PD N H WKH F R PSD ULVR Q PR VW H D VLO\ ￿
￿￿7 KH VH IXQF WLR QV D UH F R QY H [ D QG KH QF H D Q LQF UH D VH LQ D ID F WR U QH F H VVD ULO\ UH GXF H V LW R Z Q PD UJ LQD O SUR GXF W￿
) XUWKH UPR UH ￿ VLQF H WKH VH IXQF WLR Q VD WLVI\ & 56￿ WKH LU GH ULY D WLY H V R QO\ GH SH QG WKH UD WLR V
a .
/ DQ G+
/ ￿1 RW H W K DW
Z H R QO\ UH SR UW WKH VSH F LpF D WLR Q R I WKH IXQF WLR Q a )￿ a .￿+￿/￿v￿ IR U ID F WR U SUR pOH V Z KH UH ER WK WH F KQR OR J LH V D UH
LQ XVH D QG Z KH UH D OO ID F WR U SULF H V D UH SR VLWLY H ￿
￿￿a )
$￿ a .￿+￿/￿v￿  /￿￿


































: H FDQ QRZ FRP SDUH WKH L P SO L FDWL RQ RI HDFK P RGHO I RUWKH UHWXUQVWR HGXFDWL RQ￿
U+
Z ￿DV JL Y HQ E\WKH UDWL R RIP DUJL QDOSURGXFWV￿) RU WKH VS HFL pFDWL RQ XVHG E\. UXVHO O



















$V FDQ EH VHHQ￿Z L WK WKH VSHFL pFDWL RQ XVHG E\. UXVHO ODQG DO ￿ ￿DQ L QFUHDVH L Q
a .
+
￿KRO GL QJ O
+ p[ HG￿ L V DO Z D\ V DVVRFL DWHG Z L WK DQ L QFUHDVH L Q WKH UHWXUQV WR HGXFDWL RQ￿
HY HQ WKRXJK WKH\M XVWL I \RQO \WKH DVVXP SWL RQ WKDW ,7 FDSL WDO L QFUHDVHVWKHUHWXUQVWR







FKDQJHVGHSHQGL QJ RQ Z KHWKHUZ HDUH







LQ R X U P R G H O
L V GL UHFWO \UHO DWHG WR Z KHWKHU RU QRW WKH FDSL WDOFRVW DVVRFL DWHG Z L WK WKH P RGHUQ ￿VN L O O
E LD V H G ￿ W H F K Q R OR J \ LV U H OD W LYH O\ K LJ K ￿ ,Q S D U W LF X OD U ￿ LQ W K H S U H ￿LQ IR U P D W LR Q U H YR OX W LR Q







L V SRVL WL Y H Z KL FK L V Z K\/ HP P D ￿$ VWDWHV WKDW FRXQWUL HV Z L WK KL JK
SRSXO DWL RQ JURZ WK ￿Z KL FK KDY H O RZ HUUDWL RVRI
a .
+￿ DUH DVVRFL DWHG Z L WK O RZ HU UHWXUQV WR
HGXFDWL RQ￿+ RZ HY HU￿WKH RSSRVL WH L V WUXH L Q WKH S RVW￿ L QI RUP DWL RQ UHY RO XWL RQ HUD￿WKDW







L V QHJDWL Y H DQG KHQFH KL JK
SRSXO DWL RQ JURZ WK HFRQRP L HV DUH SUHGL FWHG WR H[ KL EL W JUHDWHU UHWXUQV WR HGXFDWL RQ￿
,W LV W K LV H oH F W ZK LF K LV F H Q W U D O W R R X U P H F K D Q LV P ￿ ,Q S D U W LF X OD U ￿ W K H U H D V R Q ZH
REWDL Q WKH FRP SDUDWL Y H VWDWL FV JL Y HQ L Q 3 URS RVL WL RQV ￿ DQG ￿ L V WKDW￿E\DGRSWL QJ
D I UDP HZ RUNZ L WK HQGRJHQRXV WHFKQRO RJL FDOFKRL FH￿Z H DUH DO O RZ L QJ WKH SDWWHUQ RI
I DFWRU VXEVWL WXWL RQ WR EH GHWHUP L QHG HQGRJHQRXVO \DQG WKHUHE\FKDQJH L Q UHVS RQVH WR
￿￿WKH L QI RUP DWL RQ UHY RO XWL RQ￿ 2 EY L RXVO \ ￿L W L V DQ HP SL UL FDOL VVXH Z KHWKHU￿L Q WKH SRVW
L QI RUP DWL RQ UHY RO XWL RQ HUD￿DQ L QFUHDVH L Q WKH DJJUHJDWH FDSL WDOVWRFNL V DVVRFL DWHG
Z L WK DQ L QFUHDVH RU D GHFUHDVH L Q WKH UHWXUQV WR HGXFDWL RQ￿, W L V L QWHUHVWL QJ WR QRWH WKDW
) O XJ DQG +HUFRZ L W]￿￿￿￿￿￿pQG￿ DVDVVXP HG L Q RXUI UDP HZ RUN ￿ WKDWGL o HUHQWW\ SHVRI
LQ YH V W P H Q W V K D YH R S S R V LW H H oH F W V R Q W K H G H P D Q G IR U V NLOOH G OD E R X U ￿ ,Q H oH F W ￿ )OX J D Q G
+ HUFRZ L W] ￿￿￿￿￿￿ UHSRUW WKDW HT XL SP HQW L QY HVWP HQWV L QFUHDVH WKH UHO DWL Y H GHP DQG I RU
VN L O O HG Z RUN HUV Z KL O H RWKHU L QY HVWP HQWV UHGXFH WKL V UHO DWL Y H GHP DQG￿ 0 RUHRY HU￿WKH
FURVV￿ FRXQWU\HY L GHQFH SUHVHQWHG L Q % HDXGU\￿* UHHQ ￿￿￿￿￿￿ ￿￿￿￿￿ SURY L GHV VXSSRUW
I RU WKH Y L HZWKDW￿L Q DJJUHJDWH￿L QFUHDVHV L Q FDSL WDOL QWHQVL W\DUH DVVRFL DWHG Z L WK D
GHFUHDVH L Q WKH UHWXUQV WR HGXFDWL RQ RY HU WKH SHUL RG RIL QWHUHVW￿DV RSSRVHG WR DQ
L QFUHDVH DV DVVXP HG L Q . UXVHO ODQG DO ￿ ￿
￿ 6RPH ( PSLU LFDO ( YLGHQFH
3URSRVL WL RQV￿ DQG ￿ VXP P DUL ]H WKH L P SO L FDWL RQVRI RXUP RGHO L Q WHUP VRI KRZ FURVV￿
FRXQWU\GL o HUHQFHV L Q S RSXO DWL RQ JURZ WK WUDQVO DWH L QWR GL o HUHQFHV L Q Z DJH DQG HP ￿
SO R\ P HQW JURZ WK DUL VL QJ RY HU WKH FRXUVH RIWKH L QI RUP DWL RQ UHY RO XWL RQ￿ 7 KH P HDQV
Z H FKRRVH WR H[ DP L QH WKHVH L P SO L FDWL RQV L V WR pUVW SHUI RUP D FDVH VWXG\EDVHG RQ RE￿
VHUY HG GHY HO RSP HQWV L Q : HVW * HUP DQ\ ￿WKH 8 QL WHG . L QJGRP DQG WKH 8 QL WHG 6WDWHV
VL QFH WKH P L G VHY HQWL HV￿DQG WKHQ WR O RRNP RUH Z L GHO \DW WKH Ho HFWV RISRSXO DWL RQ
JURZ WK L Q D EURDGHU VHW RIL QGXVWUL DO L ]HG FRXQWUL HV￿ 7 KH pUVW DSSURDFK KDV WKH DG￿
Y DQWDJH WKDW Z H FDQ XVH L QGL Y L GXDOO HY HOGDWD WR FRQVWUXFW Z DJH Y DUL DEO HV WKDW DUH
P RUH UHO L DEO H DQG FO RVHO \UHO DWHG WR WKH WKHRU\ ￿Z KL O H WKH VHFRQG DSSURDFK KDV WKH
DGY DQWDJH RIKL JKO L JKWL QJ SDWWHUQV DFURVV D Z L GHU VHW RIFRXQWUL HV￿DO EHL W Z L WK O HVV
DSSURSUL DWH GDWD￿
5HFDO O WKDWWKH N H\ FRP P RQ I RUFH L Q RXUP RGHO L VWKH GHFO L QH L Q WKH FRVWRI XVL QJ
FRP SXWHUEDVHG WHFKQRO RJ\ ￿, WL VWKHL QWHUDFWL RQ RI WKL VI RUFHZ L WK GL o HUHQFHVL Q SRSX￿
O DWL RQ JURZ WK UDWHVWKDWZ H EHO L HY H H[ SO DL QVP DQ\ RI WKH GL o HUHQFHV L Q UHFHQWHFRQRP L F
￿￿SHUI RUP DQFH DFURVV L QGXVWUL DO L ]HG FRXQWUL HV￿7 R SURY L GH D VHQVH RIWKH L P SRUWDQFH RI
WKH I DO OL Q WKH SUL FH RIL QI RUP DWL RQ WHFKQRO RJ\ ￿Z H SO RW - RUJHQVHQ DQG 6WL URK￿￿￿￿￿￿￿ V
VHUL HV RQ WKH SUL FH RIL QY HVWP HQW L Q FRP SXWHUV L Q WKH 8 6 L Q ) L JXUH ￿￿7 KL V VHUL HV L V
WKH UHVXO W RIWKHL U H[ WHQVL Y H Z RUNXVL QJ VSHFL pF FDWHJRUL HV RIFDSL WDOL QY HVWP HQW￿ ￿￿
7K H S OR W F R Q YH \V W K H G U D P D W LF G H F OLQ H LQ W K H S U LF H R I F R P S X W H U V ￿ 7K H U H LV F OH D U O\ D
￿UHY RO XWL RQ￿ L Q WKH SUL FH WR pUP VRI L QY HVWL QJ L Q FRP SXWHUVRY HUWKL VSHUL RG￿
￿￿￿ $ &DVH 6WXG\ RI :HVW *HU PDQ\￿ WKH 8QLWHG .LQJGRP DQG WKH 8QLWHG
6WDWHV
7 KH RE M HFW RIWKL V VHFWL RQ L V WR H[ DP L QH WKH HY RO XWL RQ RY HU UHFHQW KL VWRU\RID VHW
RIHFRQRP L F Y DUL DEO HV ^ Z KHUH HDFK L V DQ HP SL UL FDOFRXQWHUSDUW WR WKRVH VWDWHG L Q
3URSRVL WL RQ ￿ DQG ￿ ^ I RUWKUHHP DM RUL QGXVWUL DO L ]HG FRXQWUL HV￿WKH 86￿ ￿I RUP HUZ HVW￿
* H U PD Q \ D Q GW K H8.￿ ￿￿ 2 XU L QWHUHVW L Q WKHVH WKUHH FRXQWUL HV L V WKDW WKH\SURY L GH D
JRRG SO DWI RUP RQ Z KL FK WR FRP SDUH WKH UHO HY DQFH RIRXU WKHRU\WR D VW\ O L ]HG L QVWL WX￿
WL RQDOH[ SO DQDWL RQ￿5 HFDO OWKDW WKH VWDQGDUG L QVWL WXWL RQDOH[ SO DQDWL RQV I RU GL o HUHQFHV
DFURVVFRXQWUL HVDUJXH WKDWGHY HO RSHG FRXQWUL HVKDY H I DFH VL P L O DUXQGHUO \ L QJ WHFKQR￿
O RJL FDOFKDQJHV RY HU WKH UHFHQW SHUL RG EXW WKDW GL o HUL QJ L QVWL WXWL RQV KDY H WUDQVO DWHG
WKHVH L QWR GL o HUHQW SDWWHUQV I RU O DE RXU P DUN HW RXWFRP HV￿
7 R E HJL Q￿L Q 7 DEO H ￿ Z H UHS RUW DY HUDJH S RSXO DWL RQ JURZ WK I RU WKHVH WKUHH FRXQWUL HV
RY HU WKH S HUL RG ￿￿￿￿￿ ￿￿￿ $ V FDQ EH VHHQ￿WUHQG SRSXO DWL RQ JURZ WK L Q WKH 8 . DQG
L Q : HVW￿ * HUP DQ\Z HUH UDWKHU VL P L O DU I URP WKH VL [ WL HV WR WKH QL QHWL HV￿DQG DUH DJDL Q
￿￿-R UJ H QVH Q D QG 6WLUR K XVH %($ GD WD ￿ F R PELQLQJ LQY H VWPH QW GD WD R Q PD LQIUD PH F R PSXWH UV￿ SH UVR QD O
F R PSXWH UV￿ GLUH F W D F F H VV VWR UD J H GH Y LF H V￿ SULQWH U￿ WH UPLQD OV￿ WD SH GULY H V￿ D QG VWR UD J H GH Y LF H V LQWR D VLQJ OH
￿ F R PSXWH U￿ VH ULH V￿ 7 KH \ XVH WKH %($ H VWLPD WH G SULF H LQGLFHVZ K L FKK RO GW K H TX DO L W \ RIW K L VHTX L S P HQ W
F R QVWD QW￿
￿￿, Q % HDX G U \ DQ G * U HHQ ￿ ￿￿￿￿￿ ￿ Z H S U RS RV H DQ G L P S O HP HQ W ￿XVLQJ 8 6 D QG *H UPD Q GD WD ￿ D PR UH VWUXF WXUD O
D SSUR D F K WR H Y D OXD WLQJ D PR GH O Z KLF K KD V SUR SH UWLH V D N LQ WR WKR VH XVH G WR GH ULY H LQ /H PPD ￿ $ ￿ ,Q WKLV
V HQ V H￿W K H HYL G HQ FH S U HV HQ W HGL Q% HDX G U \ DQ G* U HHQ￿ ￿￿￿￿￿V K RX O GE H YL HZHGDVFRP S O HP HQ W DU \ W R W K DW
SUH VH QWH G KH UH ￿ ,Q SD UWLF XOD U￿ WKH UH D GH U LQWH UH VWH G LQ D PR UH IR UPD O PH D QV R I H Y D OXD WLQJ H OH PH QWV R I WKH
F XUUH QW WKH R U\ VKR XOG UH IH U WR WKD W SD SH U￿
￿￿7DEOH ￿￿ $QQXDO 3RSXODWLRQ *URZWK ￿￿￿
: ￿* HUP DQ\ 8QL WHG . L QJGRP 8QL W HG 6W DW H V
￿￿￿￿￿ ￿￿ ￿￿ ￿￿ ￿￿ ￿￿ ￿￿ ￿
￿￿￿￿￿ ￿￿ ￿￿ ￿￿ ￿￿ ￿￿ ￿￿ ￿
￿￿￿￿￿ ￿￿ ￿ ￿￿￿e
￿￿￿b￿￿￿ ￿￿ ￿￿ ￿￿ ￿
UDWKHU VL P L O DU VL QFH * HUP DQ XQL pFDWL RQ￿: H RP L W WKH ￿￿￿ ￿￿ SHUL RG I RU : HVW * HUP DQ\
IU R P R X U F D OF X OD W LR Q V R I S R S X OD W LR Q J U R ZW K V LQ F H LW U H S U H V H Q W V D R Q H W LP H MX P S LQ
SRSXO DWL RQ￿DV RSS RVHG WR D FKDQJH L Q WUHQG S RSXO DWL RQ JURZ WK￿ , Q FRQWUDVW￿WKH
WUHQG UDWH RIS RSXO DWL RQ JURZ WK L Q WKH 8 6 Z DV RIWKH RUGHU RI￿ WR ￿ WL P HV JUHDWHU RY HU
WKL V SHUL RG￿+HQFH￿RXU WKHRU\Z RXO G SUHGL FW WKDW Z DJH DQG HP SO R\ P HQW RXWFRP HV
I RU * HUP DQ\DQG WKH 8 . VKRXO G EH T XL WH VL P L O DU WR HDFK RWKHU EXW V\ VWHP DWL FDO O \
GL o HUHQWI URP WKH86￿ , Q FRP SDUL VRQ￿ WKHL QVWL WXWL RQDO Y L HZ VXJJHVWVWKDWWKH86 DQG
WKH 8 . H[ SHUL HQFHV VKRXO G KDY H EHHQ P RUH VL P L O DU RY HU WKH S HUL RG￿VL QFH WKH\KDY H
P RUH qH[ L EO H L QVWL WXWL RQV￿Z KHUHDV WKH * HUP DQ H[ S HUL HQFH VKRXO G E H WKH RXWO L HU￿
2 XU FKRL FH RIWKH WL P H S HUL RG RY HU Z KL FK WR FRP SDUH O DE RXU P DUN HW RXWFRP HV
I RU WKHVH WKUHH FRXQWUL HV L V GUL Y HQ E\ERWK WKHRU\ DQG GDWD DY DL O DEL O L W\ ￿2 Q WKH RQH
KDQG￿ WKH WKHRU\ KDVSUHGL FWL RQVI RUFURVV￿ FRXQWU\ GL o HUHQFHVL Q FKDQJHVL Q HFRQRP L F
RXWFRP HV￿Z KHUH WKH FKDQJH VKRXO G E H P HDVXUHG I URP D S RL QW L Q WL P H M XVW EHI RUH
WKH P DVVDo RUGDEL O L W \ RI FRP SXWHUVDQG HQGL QJ DWD SRL QWL Q WL P H VXr FL HQWO \ GL VWDQW
WR DO O RZpUP V DQG L QGL Y L GXDO V WR DGM XVW￿ 7 KHUHI RUH￿DQ DSSURSUL DWH VWDUWL QJ SRL QW
DSSHDUVWR EH VRP HZ KHUH DURXQG WKH P L G VHY HQWL HV￿ VL QFH WKH pUVWXVHU￿ I UL HQGO \ FRP ￿
SXWHU￿WKH $SSO H￿ Z DV L QWURGXFHG L Q ￿￿￿￿ DQG L W Z DV P DGH Z L GHO \ DY DL O DEO H L Q P RVW
L QGXVWUL DO L ]HG FRXQWUL HV Z L WKL Q D I HZ\ HDUV￿* UHHQZ RRG DQG <RUXN RJO X ￿￿￿￿￿￿ VXJJHVW
￿￿￿￿ DV WKH UHO HY DQW EUHDN\ HDU￿7 KH EHVW HQG SRL QW L V SUREDEO \DV FO RVH DV SRVVL EO H
WR WKH SUHVHQW￿2 Q WKH RWKHU KDQG￿Z H DUH UHVWUL FWHG E\GDWD Z KL FK Z L O OQRW DO Z D\ V
DO O RZXV WR VWDUW DV HDUO \DV Z H Z L VK￿
￿￿: H EHJL Q E\SRUWUD\ L QJ P RY HP HQWV L Q WKH Z DJH VWUXFWXUH L Q WKH WKUHH FRXQWUL HV￿ ￿￿
5 HFDO OWKDW L Q WHUP V RIZ DJHV￿WKH WKHRU\KDV L P SO L FDWL RQV I RU P RY HP HQWV L Q E RWK WKH
SUL FH RIXQVN L O O HG O DERXU DV Z HO ODV WKH UHWXUQV WR HGXFDWL RQ￿6XFK P RY HP HQWV L Q WKH
VWUXFWXUH RIZ DJHV FDQ EH FDSWXUHG E\HVWL P DWL QJ O L QHDU ￿O RJ￿ Z DJH￿ HGXFDWL RQ SURpO HV￿
Z KHUH P RY HP HQWV L Q WKH L QWHUFHSW FDSWXUH P RY HP HQWV WKH SUL FH RIXQVN L O O HG O DERXU￿
Z KL O H P RY HP HQWV L Q WKH VO RSH FDSWXUHV P RY HP HQWV L Q WKH UHWXUQV WR HGXFDWL RQ￿ ￿￿
6L QFHWKH8. DQG * HUP DQ\ KDY HVL P L O DUUDWHVRI WUHQG SRSXO DWL RQ JURZ WK￿ WKHWKHRU\
L P SO L HVWKDWWKH8. DQG * HUP DQ\ VKRXO G H[ KL EL WVL P L O DUSDWWHUQVI RUFKDQJHVL Q ERWK
WKH L QWHUFHSWV DQG VO RS HV RI￿O RJ￿Z DJH￿ HGXFDWL RQ SURpO HV￿Z KL O H WKH 8 6 VKRXO G H[ KL EL W
D SRRUHU S HUI RUP DQFH L Q WHUP V RIFKDQJHV L Q WKH L QWHUFHSW RIWKHVH SURpO HV DQG D
JUHDWHU L QFUHDVH L Q WKH VO RSH￿
: H REWDL Q UHO HY DQW GDWD ￿KRXUO \Z DJHV￿HGXFDWL RQ O HY HO V￿JHQGHU￿HWF￿ I RU WKH 8 6
I URP WKH3DQHO 6WXG\ RQ , QFRP H ’\ QDP L FV￿36, ’￿DQG I RU* HUP DQ\ I URP WKH* HUP DQ
6RFL R￿ (FRQRP L F 3DQHO￿* 62 ( 3￿￿% RWK DUH SDQHOGDWDVHWV L Q Z KL FK D VHW RII DP L O L HV
D Q G W K H LU R o￿V K R R W V D U H IR OOR ZH G D F U R V V W LP H ￿ : H P D NH X V H R I D Q ( TX LYD OH Q F H )LOH
FRQVWUXFWHG E\* 62 ( 3 UHVHDUFKHUV Z KL FK SURY L GHV FRP SDUDEO H GDWD FRQVWUXFWV I URP
WKH 3 6, ’ DQG WKH * 62 ( 3 ￿￿￿ 7K H 3 6 ,’ G D W D LQ W K H H TX LYD OH Q F H p OH LV D YD LOD E OH IU R P
￿￿￿￿ WR ￿￿￿￿￿Z KL O H WKH * 62 ( 3 GDWD L V DY DL O DEO H I URP ￿￿￿￿ WR ￿￿￿￿￿￿￿
7 KH 8. GDWD Z H XVH FRP HV I URP * HQHUDO +RXVHKRO G 6XUY H\ ￿* +6￿I RUWKH \ HDUV
￿￿￿￿ WR ￿￿￿￿￿ ￿￿ 7 KH * + 6 L V D UHSUHVHQWDWL Y H VXUY H\RIL QGL Y L GXDO V L Q ( QJO DQG￿
6FRWO DQG DQG : DO HV￿ , W L V EDVHG RQ D VXUY H\RIEHWZ HHQ WHQ DQG WZ HO Y H WKRXVDQG
￿￿7 KUR XJ KR XW R XU GLVF XVVLR Q￿ Z H IR F XV R Q WKH IR UPH U :H VW *H UPD Q\ ER WK EH IR UH D QG D IWH U UH XQLpF D WLR Q￿
7 KLV D OOR Z V XV WR PD N H PR UH F R QVLVWH QW D F UR VV WLPH F R PSD ULVR QV￿
￿￿,I Z D J H V D UH H T XD O WR Z ￿ U+K￿ WKH OR J Z D J H V D UH D SSUR [ LPD WH O\ H T XD O WR ORJ￿Z￿￿
U+
Z K￿K HQ FH W K H
LQWH UF H SWV IUR P H VWLPD WLQJ OR J ￿Z D J H H GXF D WLR Q SUR pOH V F D SWXUH F KD QJ H V LQ WKH SULF H R I XQVN LOOH G OD ER XU Z KLOH
F KD QJ H LQ WKH VOR SH F D SWXUH F KD QJ H V LQ WKH UH WXUQ WR H GXF D WLR Q￿
￿￿7 KH VH pOH V D UH F R QVWUXF WH G D QG PD LQWD LQH G E\ WKH *H UPD Q ,QVWLWXWH IR U (F R QR PLF 5H VH D UF K￿ 7 KH ’ H ￿
SD UWPH QW R I 3R OLF \ $ QD O\ VLV D QG 0 D QD J H PH QW D W & R UQH OO 8 QLY H UVLW\ ￿ D QG WKH 8 QLY H UVLW\ R I 0 LF KLJ D Q￿
￿￿:H GR QR W WD N H D GY D QWD J H R I WKH SD QH O QD WXUH R I WKH GD WD ￿ XVLQJ LW D V D VH ULH V R I F UR VV VH F WLR QV￿ ,Q H D F K
F D VH ￿ WKH GD WD D UH QR W SH UIH F WO\ UH SUH VH QWD WLY H R I WKH SR SXOD WLR Q D V D Z KR OH D QG WKH UH IR UH Z H PD N H XVH R I
Z H LJ KWV SUR Y LGH G LQ WKH GD WD VH WV LQ D OO R XU F D OF XOD WLR QV￿
￿￿:H WKD QN ’ D Y LG & D UG IR U KH OSLQJ XV J H W D F F H VV WR WKH *+ 6 GD WD ￿
￿￿KRXVHKRO GVSHU\ HDUDQG L VFRQGXFWHG FRQWL QXRXVO \ WKURXJKRXWWKH \ HDU￿, QI RUP DWL RQ
L V FRO O HFWHG RQ SHUVRQDOGHP RJUDSKL F DQG O DE RXU P DUN HW GDWD I RU D UHVSRQGHQW Z L WK
VRP H DGGHG L QI RUP DWL RQ RQ WKH KHDG RIKRXVHKRO G DQG VSRXVH￿+RZ HY HU￿HGXFDWL RQ
GDWD￿ Z KL FK L V FHQWUDO WR RXUDQDO \ VL V￿L V FRO O HFWHG RQO \ I RUWKH P DL Q UHVSRQGHQWDQG
V R ZH IR F X V R Q W K H LU G D W D ￿￿￿
) RU DO OWKUHH FRXQWUL HV￿Z H XVH GDWD I RU DO OL QGL Y L GXDO V EHWZ HHQ WKH DJHV RI￿￿ DQG
￿￿￿2 XU Z DJH P HDVXUH L Q HDFK FDVH L V WKH KRXUO \Z DJH￿7 KL V L V FRQVWUXFWHG E\GL Y L GL QJ
WRWDODQQXDOO DE RXU HDUQL QJV E\DQQXDOKRXUV RIZ RUNDV UHSRUWHG L Q WKH ( T XL Y DO HQFH
) L O H I RU WKH 8 6 DQG * HUP DQ\ ￿ ) RU WKH 8 . L W L V FRQVWUXFWHG XVL QJ DQQXDOHDUQL QJV￿
Z HHN V Z RUN HG DQG XVXDOKRXUV SHU Z HHNY DUL DEO HV ￿￿ 7 KH FRQVWUXFWHG KRXUO \Z DJHV
DUH GHqDWHG XVL QJ D FRXQWU\VSHFL pF * ’ 3 GHqDWRU￿
$ S RWHQWL DOFRQFHUQ L Q GL VFXVVL QJ Z DJH￿ HGXFDWL RQ SURpO HV I RU WKHVH WKUHH FRXQWUL HV
L V WKH FRP SDUDEL O L W\RI\ HDUV RIHGXFDWL RQ P HDVXUHV DFURVV GDWDVHWV￿) RU WKH 8 6￿WKH
\ HDUV RIHGXFDWL RQ P HDVXUH L V EDVHG RQ DQ DQVZ HU WR D T XHVWL RQ DERXW WKH KL JKHVW
QXP EHU RI\ HDUV RIVFKRRO L QJ FRP SO HWHG￿ ) RU : HVW * HUP DQ\ ￿\ HDUV RIHGXFDWL RQ L V
D FRQVWUXFWHG Y DUL DEO H EDVHG RQ QRUP V I RU Y DUL RXV UHS RUWHG FRP SO HWHG O HY HO V RIHGX￿
F D W LR Q ￿ 7K H \H D U V R I V F K R R OLQ J YD U LD E OH LQ W K H ( TX LYD OH Q W )LOH F R Q W D LQ V D Q D W W H P S W
WR JHQHUDWH D P HDVXUH WKDW L V FRP SDUDEO H WR WKH 8 6 P HDVXUH DQG L QFO XGHV DWWHP SWV
WR DFFRXQW I RU HGXFDWL RQDOFRQWUL EXWL RQV I URP DSSUHQWL FHVKL S SURJUDP P HV￿) RU WKH
8. Z H XVH 6FKP L GW￿￿￿￿￿￿￿ V JHQHUDWHG Y DUL DEO H Z KL FK HVVHQWL DO O \HT XDO V WKH DJH WKH
L QGL Y L GXDOO HI W I XO O ￿ WL P H HGXFDWL RQ P L QXV ￿￿ : KL O H WKHVH DUH DWWHP SWV WR JHQHUDWH
FRP SDUDEO H HGXFDWL RQ P HDVXUHV￿ WKH UHVXO WVDUH XQGRXEWHGO \ QRWSHUI HFWO \ FRP SDUD￿
EO H￿+ RZ HY HU￿Z H DQDO \ VH Z L WKL Q FRXQWU\SDWWHUQV VHSDUDWHO \ ￿Ho HFWL Y HO \DO O RZ L QJ I RU
GL o HUHQW Z DJH O HY HO V DQG HGXFDWL RQ GL o HUHQWL DO V DFURVV FRXQWUL HV￿2 XU N H\DVVXP SWL RQ
￿￿7 KH UH D UH QR UH SR UWH G VD PSOLQJ Z H LJ KWV LQ WKH Y H UVLR Q R I WKH *+ 6 Z H XVH D QG WKXV WKH 8 . GD WD LV QR W
UH Z H LJ KWH G LQ D Q\ R I R XU H VWLPD WLR Q￿
￿￿,Q WKH *+ 6 EH IR UH ￿ ￿ ￿ ￿ ￿ XVXD O KR XUV D UH GLY LGH G LQWR UH J XOD U D QG R Y H UWLPH KR XUV￿ 3OR WV R I WKH GD WD
V X JJHV WW R X VW K DWW K H E HV WP DW FKW R W K H S RV W ￿ ￿￿￿￿ * + 6G DW D L VFU HDW HGE \ X V L Q J RQ O \ U HJX O DUW L P H K RX U V
E HI RU H ￿￿￿￿￿
￿￿LV W K D W ZH F D Q P H D Q LQ J IX OO\ F R P S D U H W LP H S D W W H U Q V LQ ZD J H OH YH OV D Q G ZD J H ￿H G X F D W LR Q
GL o HUHQWL DO V DFURVV FRXQWUL HV HY HQ L IZ H GR QRW UHJDUG FRP SDUL VRQV RIWKH O HY HO V DQG
G LoH U H Q W LD OV LQ D J LYH Q \H D U D V Q H F H V V D U LO\ YH U \ LQ IR U P D W LYH ￿
, Q RUGHU WR VXP P DUL ]H WKH P DL Q Z DJH￿ HGXFDWL RQ SDWWHUQV￿Z H UHJUHVV WKH O RJ RIWKH
KRXUO \Z DJH RQ D I XO OVHW RI\ HDU GXP P \Y DUL DEO HV￿WKH QXP EHU RI\ HDUV RIHGXFDWL RQ￿
WKH L QWHUDFWL RQ RIHGXFDWL RQ DQG WKH GXP P \Y DUL DEO HV￿DQG D I XO OVHW RIGXP P \Y DUL ￿
DEO HV FRUUHVSRQGL QJ WR pY H \ HDU DJH FDWHJRUL HV￿: H UXQ WKL V UHJUHVVL RQ VHSDUDWHO \I RU
HDFK FRXQWU\ ￿7 KH UHVXO W L V D VHSDUDWH Z DJH￿ HGXFDWL RQ SURpO H I RU HDFK \ HDU I RU HDFK
FRXQWU\ ￿KRO GL QJ FRQVWDQW FRXQWU\ ￿ VSHFL pF DJH Ho HFWV￿ ￿￿ : H XVH RQO \P DO H Z DJHV L Q
RUGHU WR FRQVWUXFW L QGH[ HV RIWKH SUL FHV RIO DERXU DQG HGXFDWL RQ WKDW DUH I UHH I URP
F R P S R V LW LR Q E LD V U H OD W LQ J W R LQ F U H D V H V LQ IH P D OH OD E R X U IR U F H S D U W LF LS D W LR Q ￿ 6 LQ F H
WKHVH P RY HP HQWV DUH T XL WH GL o HUHQW DFURVV WKH WKUHH FRXQWUL HV￿Z H Z HUH SDUWL FXO DUO \
FRQFHUQHG DERXW DQ\VXFK EL DVHV L Q WU\ L QJ WR P DN H FRP SDUL VRQV DFURVV FRXQWUL HV￿
5 DWKHU WKDQ SO RWWL QJ WKH SURpO HV WKHP VHO Y HV￿L Q ) L JXUHV ￿$ DQG ￿% Z H VXP P DUL ]H
WKH GDWD E\SO RWWL QJ WKH L QWHUFHSWV DQG VO RSHV RIWKH Z DJH￿ HGXFDWL RQ SURpO HV DVVR￿
FL DWHG Z L WK HDFK FRXQWU\ ￿ : H QRUP DO L ]H DO OVHUL HV WR ￿ L Q ￿￿￿￿ WR I RFXV DWWHQWL RQ
RQ WL P H SDWWHUQV Z L WKL Q HDFK FRXQWU\ ￿ ￿￿ : H L QWHUSUHW WKH L QWHUFHSW WHUP V￿Z KL FK
FRUUHVSRQG WR Z DJHV DW ￿ \ HDUV RIHGXFDWL RQ￿DV WKH XQVN L O O HG Z DJH￿7 KL V DSSHDUV WR
EH D UHDVRQDEO H E HQFKP DUNI RU WKH XQVN L O O HG Z DJH VL QFH L W L V FO RVH WR WKH P L QL P XP
O HY HORIHGXFDWL RQ DWWDL QHG L Q WKHVH HFRQRP L HV￿7 KH VO RS H FRUUHVSRQGV WR WKH UHWXUQV
WR HGXFDWL RQ￿) L JXUH ￿ VKRZ V D VWUL N L QJ VL P L O DUL W\EHWZ HHQ WKH WL P H SDWWHUQV RIO RZ
VN L O O HG Z DJHVI RU* HUP DQ\ DQG WKH 8. ￿ EXWD O DUJH GL o HUHQFH EHWZ HHQ WKRVH FRXQWUL HV
DQG WKH 86￿) RU WKH HQWL UH SHUL RG ￿I URP ￿￿￿￿ WR ￿￿￿￿￿￿WKH 86 VKRZ V D ￿￿￿ GHFO L QH
LQ OR Z V NLOOH G ZD J H V ZK LOH E R W K *H U P D Q \ D Q G W K H 8 . H [S H U LH Q F H D S S U R [LP D W H O\ ￿ ￿ ￿
￿￿:H UH SH D WH G WKLV H [ H UF LVH XVLQJ KLJ KH U R UGH U WH UPV LQ H GXF D WLR Q EXW￿ VLPLOD U WR R WKH U VWXGLH V￿ IR XQG WKD W
D OLQH D U Z D J H ￿H GXF D WLR Q SUR pOH LV D UH PD UN D EO\ J R R G GH VF ULSWLR Q R I WKH GD WD ￿ :H F KR VH WR GLVF XVV WKH OLQH D U
SUR pOH EH F D XVH LW PD N H V WKH R EVH UY H G SD WWH UQV PR UH WUD QVSD UH QW￿
￿￿: H G R Q RWK DYH G DW D I RUW K H \HDU V￿￿￿￿ W R ￿￿￿￿ I RUW K H * HU P DQ \￿: H W K HU HI RU H H[W U DS RO DW H W K HV H YDO X HV
ED VH G R Q D UH J UH VVLR Q R I WKH LQWH UF H SW WH UPV H VWLPD WH G IR U WKH \ H D UV ￿ ￿ ￿ ￿ WR ￿ ￿ ￿ ￿ R Q D OLQH D U WUH QG￿ :H
R EWD LQ Y D OXH V IR U WKH VOR SH SD UD PH WH U IR U WKH \ H D UV IR U *H UPD Q\ LQ D VLPLOD U Z D \ ￿
￿￿LQ F U H D V H V ￿ 7K H G LoH U H Q F H V LQ W K H H G X F D W LR Q G LoH U H Q W LD OV D U H D OV R V W U LNLQ J ￿ ZK LOH W K H
86 H[ SHUL HQFHG D O DUJH L QFUHDVH L Q WKH GL o HUHQWL DO ￿WKH 8. H[ SHUL HQFHG RQO \D VO L JKW
L QFUHDVH DQG * HUP DQ\ RQO \ D VO L JKWGHFO L QH￿7 KHVH UHVXO WVpWZ L WK HDUO L HUpQGL QJVL Q
RWKHU SDS HUV￿, Q SDUWL FXO DU￿WKH VKDUS L QFUHDVH L Q WKH HGXFDWL RQ GL o HUHQWL DORY HU WKL V
S H U LR G LV R Q H R I W K H P D LQ V W \OL] H G ID F W V D V V R F LD W H G ZLW K LQ F U H D V H G LQ H TX D OLW \ LQ W K H 8 6
￿VHH￿ H￿ J￿ ￿- XKQ￿0 XUSK\ ￿ DQG 3L HUFH ￿￿￿￿￿￿￿￿7 KH I DFW WKDW WKL VRFFXUV Z L WK D VKDUS
G U R S LQ OR Z V NLOOH G ZD J H V p W V ZLW K U H V X OW V LQ 0D &X U G \ D Q G 0U R ] ￿ ￿ ￿ ￿ ￿ ￿ D Q G % H D X G U \
DQG * UHHQ￿￿￿￿￿￿ XVL QJ & 3 6 GDWD Z KL FK VKRZWKDW WKH L QFUHDVHG HGXFDWL RQ GL o HUHQWL DO
RFFXUUHG P DL QO \ EHFDXVHRI I DO O VL Q WKHZ DJHVRI WKH O RZ HGXFDWHG￿ Z L WK O L WWO H L QFUHDVH
L Q KL JK HGXFDWL RQ Z DJHV￿7 KXV￿WKH GHSL FWHG Z DJH SDWWHUQ I RU WKH 8 6 pWV Z L WK UHVXO WV
I URP HDUO L HUUHVHDUFK￿6L P L O DUO \ ￿ WKH SDWWHUQVI RU WKH 8. pWZ L WK pQGL QJV L Q * RVO L QJ
HW￿DO ￿ ￿￿￿￿￿￿ Z KR UHSRUW DQ L QFUHDVH L Q WKH HGXFDWL RQDOGL o HUHQWL DORIRQO \DERXW ￿￿
E H W ZH H Q LQ G LYLG X D OV ZLW K D Q 8 Q LYH U V LW \ ’ H J U H H YH U V X V $ OH YH OV R YH U W K H H Q W LU H H LJ K W LH V ￿
Z KL FK L V FRQVL VWHQW Z L WK WKH Y HU\VP DO OL QFUHDVH L Q WKH UHWXUQV WR HGXFDWL RQ GHSL FWHG
L Q RXU pJXUHV￿ + HQFH￿HY HQ WKRXJK L W L V RI WHQ WKRXJKW WKDW Z DJH￿ HGXFDWL RQ SURpO HV
P RY HG UDWKHU VL P L O DUO \L Q WKH 86 DQG WKH 8. RY HU WKL V SHUL RG￿D FO RVHU O RRNDW WKH
GDWD VXJJHVWV DFWXDO O \WKDW L W L V WKH 8 . DQG * HUP DQ H[ S HUL HQFH L Q WHUP V RIZ DJH￿
HGXFDWL RQ SURpO HV WKDW DSS HDU P RVW VL P L O DU￿DQG WKDW WKH 8 6 H[ S HUL HQFH DSSHDUV WR
EH DQ RXWO L HU￿ ￿￿
0 RY HP HQWV L Q Z DJH SDWWHUQV￿RIFRXUVH￿DUH RQO \SDUW RIRXU VWRU\ ￿ : H DUH DO VR
L QWHUHVWHG L Q FKDQJHV L Q HP SO R\ P HQW SDWWHUQV￿, Q ) L JXUH ￿$ ￿Z H SUHVHQW FKDQJHV L Q
W K HH PS O R \ PH Q WU D W H￿￿ E\FRXQWU\ ￿ , W L V FO HDU WKDW WKH FRXQWU\VSHFL pF SDWWHUQV
SO RWWHG L Q ) L JXUH ￿ DUH T XL WH GL o HUHQW￿: KL O H WKH 8 6 HP SO R\ P HQW UDWH JURZ V E\RY HU
￿￿￿ I URP ￿￿￿￿ WR ￿￿￿￿￿E RWK WKH : HVW * HUP DQ DQG 8 . UDWHV VKRZY L UWXDO O \QR WUHQG
JURZ WK￿7 KH 8 . UDWH VKRZ V VRP HZ KDW P RUH GUDP DWL F F\ FO L FDOSDWWHUQV WKDQ WKH RWKHU
￿￿2QH D VSH F W R I WKH GD WD WKD W R XU PR GH O GR QR W D GGUH VV LV F KD QJ H V LQ Z LWKLQ J UR XS LQH T XD OLW\ ￿ ,Q H oH F W￿
Z H EH OLH Y H WKD W LQVWLWXWLR Q GLoH UH QFHVE HW Z HHQW K HV H FRX Q W U L HVP D\ E H L P S RU W DQ WI RUX Q G HU V W DQ G L Q J W K L V
GLPH QVLR Q R I WKH GD WD ￿
￿￿7 KH VH D UH GH pQH G D V WR WD O H PSOR \ PH QW GLY LGH G E\ WKH SR SXOD WLR Q D J H G ￿ ￿ WR ￿ ￿ ￿ 2QF H D J D LQ￿ WKH *H UPD Q
GD WD UH IH UV R QO\ WR :H VW *H UPD Q\ ￿
￿￿FRXQWUL HV￿2 QFH DJDL Q￿FRQVL VWHQW Z L WK RXU WKHRU\ ￿WKH WZ R VO RZ HU SRSXO DWL RQ JURZ WK
FRXQWUL HV^ * HUP DQ\ DQG WKH 8. _ H[ SHUL HQFH UDWKHUVL P L O DUFKDQJHVL Q WKH UDWH RI
HP SO R\ P HQW RY HU WKH FRXUVH RIWKH L QI RUP DWL RQ UHY RO XWL RQ￿Z KL O H WKH 8 6￿Z L WK KL JKHU
SRSXO DWL RQ JURZ WK￿L V WKH RXWO L HU Z L WK D VWURQJ L QFUHDVH L Q WKH UDWH RIHP SO R\ P HQW￿
) L JXUH ￿% UHSRUWV WKH FKDQJH L Q SHU FDSL WD HP SO R\ P HQW L Q VHUY L FHV RY HU WKH SHUL RG
￿￿￿￿ WR ￿￿￿￿ I RU RXU WKUHH FRXQWUL HV￿ $ V HP SKDVL ]HG E\) UHHP DQ DQG 6FKHWWDN DW
￿￿￿￿￿￿￿WKH JURZ WK RIVHUY L FHV L Q WKH 8 6 Z DV I DVWHU WKDQ L Q * HUP DQ\ ￿Z L WK VHUY L FH
HP SO R\ P HQW SHU FDSL WD JURZ L QJ ￿￿￿ I URP ￿￿￿￿ WR ￿￿￿￿ L Q WKH 86 FRP SDUHG WR ￿￿￿
L Q * HUP DQ\ ￿, Q Ho HFW￿) UHHP DQ DQG 6FKHWWDN DW DUJXH WKDW WKH GL o HUHQWL DOJURZ WK L Q
VHUY L FHVL V FHQWUDO WR XQGHUVWDQGL QJ WKH L QFUHDVHG HP SO R\ P HQW UDWH L Q WKH 8 6 Y HUVXV
* HUP DQ\ ￿) URP RXUSRL QWRI Y L HZ ￿ WKH P RVWL QWHUHVWL QJ DVSHFWDVVRFL DWHG Z L WK ) L JXUH
￿ L V DJDL Q WKH VWUL N L QJ VL P L O DUL W\E HWZ HHQ WKH * HUP DQ DQG 8 . H[ SHUL HQFH DQG￿DV
L P SO L HG E\RXU WKHRU\ ￿WKH I DFW WKDW WKH KL JKHU SRSXO DWL RQ JURZ WK FRXQWU\ ^ WKH 8 6^
H[ SHUL HQFHV WKH JUHDWHVW L QFUHDVH L Q SHU FDSL WD VHUY L FH VHFWRU HP SO R\ P HQW￿2 XU WKHRU\
L QGL FDWHV WKDW WKHVH GL o HUHQFHV L Q VHUY L FH VHFWRU HP SO R\ P HQW SDWWHUQV DUL VHV EHFDXVH
P RUHHGXFDWHG KRXVHKRO GVGHFL GH WR VXSSO \ P RUH O DERXUWR WKH P DUN HWDQG EX\ P RUH
VHUY L FHV WKURXJK WKH P DUN HW￿ , Q DO OO L N HO L KRRG￿VXFK D UL VH L Q O DE RXU VXSSO \Z RXO G
FRP H SUHGRP L QDQWO \I URP L QFUHDVHG KRXUV RIP DUN HW Z RUNI RU Z RP HQ￿ , Q RUGHU WR
O RRN DWWKL VHo HFW￿ L Q ) L JXUH ￿ Z H SO RWWKH I HP DO H HP SO R\ P HQWUDWH I URP ￿￿￿￿ WR ￿￿￿￿
I RU RXU WKUHH FRXQWUL HV￿ $ V FDQ E H VHHQ￿WKH 8 6 KDV P XFK P RUH VWUL N L QJ JURZ WK L Q
I HP DO H O DERXU VXSSO \WKDQ * HUP DQ\ DQG WKH 8. ￿ 2 QFH DJDL Q￿WKH 8. DQG * HUP DQ
H[ S HUL HQFH L V P DUN HGO \VL P L O DU￿0 RUHRY HU￿L W VKRXO G E H QRWHG WKDW WKH GL o HUHQW JURZ WK
LQ IH P D OH H P S OR \P H Q W F D Q D F F R X Q W IR U P R V W R I W K H G LoH U H Q W LD O J U R ZW K LQ W K H R YH U D OO
HP SO R\ P HQW UDWH￿
5 HFDO OWKDW RXU WKHRU\VXJJHVWV WKDW L W L V SRSXO DWL RQ JURZ WK￿WKURXJK L W Ho HFW
RQ WKH DFFXP XO DWL RQ RII DFWRUV￿WKDW FDXVHV WKH GL o HUHQWL DOZ DJH DQG HP SO R\ P HQW
P RY HP HQWV￿, Q RUGHU WR FRQY H\WKH GL o HUHQW SDWWHUQV RII DFWRU DFFXP XO DWL RQ EHWZ HHQ
RXU WKUHH FRXQWUL HV￿L Q ) L JXUHV ￿$￿ ￿’ Z H SO RW UHVSHFWL Y HO \WKH JURZ WK RISK\ VL FDO
￿￿FDSL WDO ￿WKH JURZ WK RIWKH FDSL WDOWR O DE RXU UDWL R￿WKH JURZ WK RIWKH KXP DQ FDSL WDO
WR O DE RXU UDWL R DQG pQDO O \WKH JURZ WK RIWKH SK\ VL FDOFDSL WDOWR KXP DQ FDSL WDOUDWL R￿
7 KH GDWD I RU WKHVH JUDSKV DUH DO OWDN HQ I URP - RUJHQVHQ DQG <L S ￿￿￿￿￿￿ DQG FRY HU
WKH S HUL RG ￿￿￿￿￿ ￿￿￿ 7 KH DWWUDFWL Y H I HDWXUH RIWKH - RUJHQVHQ DQG < L S GDWD L V WKDW
L W KDV EHHQ FRQVWUXFWHG WR SURY L GH L QWHUQDWL RQDO O \FRP SDUDEO H FDSL WDOVWRFN V I RU WKH
* ￿ FRXQWUL HV￿Z L WK VSHFL DODWWHQWL RQ WR T XDO L W\L P SURY HP HQWV L Q SK\ VL FDOFDSL WDODQG
O DERXU￿$ V Z H FDQ VHH I URP ) L JXUH ￿$ ￿WKH JURZ WK RIWKH SK\ VL FDOFDSL WDOVWRFN￿Z KL FK
WDN HV DFFRXQW RIT XDO L W\FKDQJHV￿ L V UDWKHU VL P L O DU DFURVV WKHVH WKUHH FRXQWUL HV HY HQ
L ISRSXO DWL RQ JURZ WK L V T XL WH GL o HUHQW￿ $ V D UHVXO W￿L Q ) L JXUH ￿% Z H VHH WKDW WKH
SK\ VL FDOFDSL WDOWR O DERXU UDWL R JURZ V P XFK VO RZ HU L Q WKH 86￿ Z KHUH WKH L QFUHDVH L Q
WKH HP SO R\ P HQW UDWH L V KL JKHU￿WKDQ L Q * HUP DQ\RU WKH 8 . ￿0 RUHRY HU￿ERWK * HUP DQ\
DQG WKH 8 . H[ KL EL W DJDL Q VXUSUL VL QJO \VL P L O DU SDWWHUQV L Q WHUP V RIFKDQJHV L Q SK\ VL FDO
FDSL WDOL QWHQVL W\ ￿
, Q ) L JXUH ￿& ￿Z H SO RW WKH UDWL R RIKXP DQ FDSL WDOWR O DE RXU ￿L ￿ H￿ ￿KXP DQ FDSL WDO
LQ W H Q V LW \￿ ￿￿￿ + HUH Z H VHH WKH 8 6 H[ KL EL WL QJ VO L JKWO \P RUH JURZ WK WKDQ HL WKHU * HUP DQ\
RU WKH 8. ￿DO WKRXJK WKH GL o HUHQFH L V QRW Y HU\O DUJH￿ , Q Ho HFW￿) L JXUH ￿&QL FHO \
FDSWXUHV WKH GL r FXO W\DVVRFL DWHG Z L WK H[ SO DL QL QJ GL o HUHQFHV L Q UHWXUQV WR HGXFDWL RQ
EHWZ HHQ WKHVHFRXQWUL HVEDVHG RQO \ RQ FKDQJHVL Q KXP DQ FDSL WDO L QWHQVL W\ ￿6L QFHWKHVH
FRXQWUL HV GR QRW DSSHDU WR GL o HU P XFK L Q WKHL U JURZ WK L Q KXP DQ FDSL WDOL QWHQVL W\ ￿D
P RGHOZ KL FK VHDUFKHV WR H[ SO DL Q GL o HUHQWL DOFKDQJHV L Q Z DJHV E\RQO \HP SKDVL ]L QJ
GL o HUHQWL DOFKDQJHV L Q KXP DQ FDSL WDOZ RXO G SUHGL FW WKH FKDQJH L Q WKH 86 UHWXUQ WR
HGXFDWL RQ RY HUWKH SHUL RG WR EH QR JUHDWHUWKDQ L Q WKH RWKHUWZ R FRXQWUL HV￿ Z KL FK L V
REY L RXVO \Z URQJ￿, Q FRQWUDVW￿RXU P RGHOVXJJHVWV WKDW L W L V QRW KXP DQ FDSL WDOL QWHQVL W\
￿￿-R UJ H QVH Q D QG < LS UH IH U WR WKLV VH ULH V D V D OD ER XU T XD OLW\ VH ULH V VLQF H LW H QF R PSD VVH V ER WK F KD QJ H V LQ
H GXF D WLR Q D QG H [ SH ULH QF H R I WKH OD ER XU IR UF H ￿ ,Q R UGH U WR F KH F N WKH UR EXVWQH VV R I WKLV SD WWH UQ￿ Z H EXLOW D Q
LQGH [ R I KXPD Q F D SLWD O ED VH G R QO\ R Q \ H D UV R I H GXF D WLR Q￿ :H IR XQG WKD W WKH LQF UH D VH LQ D Y H UD J H \ H D UV R I
H GXF D WLR Q ￿H Y H Q LI Z H XVH KR XUV R I Z R UN D V Z H LJ KWV￿ LQ *H UPD Q\ Z D V D OPR VW LGH QWLF D O WR WKD W R EVH UY H G LQ WKH
8 6￿ Z KLOH WKH 8 . KD G D VOLJ KWO\ J UH D WH U F KD QJ H GXH PD LQO\ WR WKH LQF UH D VH G D J H R I F R PSXOVR U\ H GXF D WLR Q￿
6LQF H Z H IR XQG WKH UD QN LQJ R I KXPD Q F D SLWD O LQWH QVLW\ F KD QJ H V EH WZ H H Q WKH VH F R XQWULH V WR EH VH QVLWLY H WR
PH D VXUH PH QW￿ EXW D OZ D \ V R I UD WKH U PLQR U VL] H ￿ Z H EH OLH Y H WKD W LW LV EH VW WR VXPPD UL] H WKH VH F R XQWULH V D V
KD Y LQJ VLPLOD U F KD QJ H V LQ KXPD Q F D SLWD O LQWH QVLW\ ￿
￿￿E\L WVHO IZ KL FK H[ SO DL QV GL o HUHQFHV L Q Z DJH SDWWHUQV￿EXW L QVWHDG RXW WKHRU\SRL QWV WR
GL o HUHQWL DOL Q WKH KXP DQ FDSL WDOWR SK\ VL FDOFDSL WDOUDWL R DV WKH HVVHQWL DOGHWHUP L QDQW￿
$V FDQ EH VHHQ L Q ) L JXUH ￿’￿WKH UDWL R RISK\ VL FDOFDSL WDOWR KXP DQ FDSL WDOJUHZ
VL P L O DUO \L Q * HUP DQ\DQG WKH 8 . RY HU WKH SHUL RG￿Z KL O H L W JUHZVXEVWDQWL DO O \O HVV
LQ W K H 8 6 ￿ 2E YLR X V O\￿ W K LV G LoH U H Q W LD O S D W W H U Q LQ W K H K X P D Q W R S K \V LF D O F D S LW D O U D W LR
L V GXH P DL QO \ ￿L Q DQ DFFRXQWL QJ VHQVH￿ WR GL o HUHQFHV L Q HP SO R\ P HQW JURZ WK DQG QRW
P XFK WR GL o HUHQFHVHGXFDWL RQDO DWWDL QP HQW￿
$ Q L QWHUHVWL QJ DVSHFW RI) L JXUHV ￿$ ￿ ￿’ L V L WV UHO DWL RQVKL S Z L WK WKH HP SL UL FDOHY ￿
L GHQFH SUHVHQWHG L Q % HDXGU\DQG * UHHQ ￿￿￿￿￿￿￿ ￿￿ ,Q W K LV H D U OLH U S D S H U ￿ ZH V K R ZH G
KRZGL o HUHQWL DOXVH RIKXP DQ Y HUVXV SK\ VL FDOFDSL WDOE HWZ HHQ WKH 8 6 DQG * HUP DQ\
FRXO G H[ SO DL Q WKH GL o HUHQWL DOSDWWHUQV L Q Z DJHV￿ , Q SDUWL FXO DU￿Z H VKRZ HG WKDW WKH
HVWL P DWHG UHO DWL RQVKL SV EHWZ HHQ Z DJHV DQG I DFWRU P RY HP HQWV L Q DQG EHWZ HHQ WKHVH
FRXQWUL HV Z DV FRQVL VWHQW Z L WK WKH W\ S H RIQHR￿ FO DVVL FDOP RGHORIWHFKQRO RJL FDODGRS￿
WL RQ XVHG KHUH￿ DQG Z H FDP HWR WKH FRQFO XVL RQ WKDWFKDQJHVL Q WKH KXP DQ WR SK\ VL FDO
FDSL WDOUDWL R Z DV O L N HO \DQ HVVHQWL DOGHWHUP L QDQW RIWKH GL o HUHQWL DOHY RO XWL RQ RIZ DJHV￿
, Q WKL V VHQVH￿RXU SUHY L RXV SDS HUV Ro HUHG HY L GHQFH L Q I DY RXU RIRQH SL HFH RIWKDW VWUXF￿
WXUH HP EHGGHG L Q WKH FXUUHQW P RGHO ￿WKDW L V￿WKH O L QNEHW Z HHQ I DFWRU DFFXP XO DWL RQ￿
WHFKQRO RJL FDODGRSWL RQ DQG Z DJH GHWHUP L QDWL RQ L Q WKH SRVW L QI RUP DWL RQ HUD￿ , Q HI ￿
I HFW￿RXU FXUUHQW P RGHOFDQ E H WKRXJKW DV KDY L QJ WZ R P DM RU VWUXFWXUDOVWHSV￿VWHS
￿￿ I URP SRSXO DWL RQ JURZ WK WR I DFWRU DFFXP XO DWL RQ DQG￿VWHS ￿￿ I URP I DFWRU DFFXP X￿
O DWL RQ ￿WKURXJK WHFKQRO RJL FDODGRSWL RQ￿ WR Z DJHV￿ & RUUHVS RQGL QJO \ ￿) L JXUHV ￿$ ￿ ￿’
FRP SO HP HQW RXU SUHY L RXV HY L GHQFH UHJDUGL QJ VWHS ￿￿ E\L O O XVWUDWL QJ SDWWHUQV RII DFWRU
DFFXP XO DWL RQ E HWZ HHQ WKH 8 6￿* HUP DQ\DQG WKH 8 . Z KL FK JL Y H VXSS RUW WR VWHS ￿￿￿
WKDWL V￿ WKDWKL JK SRSXO DWL RQ JURZ WK^WKURXJK L WHo HFWRQ HP SO R\ P HQWJURZ WK_ O HDGV
WR GL o HUHQWL DOSDWWHUQV RII DFWRU DFFXP XO DWL RQ￿
) URP ) L JXUHV ￿ WKURXJK ￿￿Z H FRQFO XGH WKDW WKH 86￿* HUP DQ DQG 8. H[ SHUL ￿
HQFHV SURY L GH L QWHUHVWL QJ SUL P D I DFL H VXSSRUW I RU RXU WKHRU\L Q WKH VHQVH WKDW WKH
￿￿6 HH DO V R % HDX G U \ ￿* U HHQ￿ ￿￿￿￿￿ ￿
￿￿WZ R O RZSRSXO DWL RQ JURZ WK FRXQWUL HV KDY H VKDUHG￿RY HU WKH FRXUVH RIWKH L QI RUP DWL RQ
UHY RO XWL RQ￿UDWKHU VL P L O DU FKDQJHV L Q Z DJH SURpO HV￿HP SO R\ P HQW SDWWHUQV DQG I DFWRU
L QWHQVL WL HV￿: KL O H￿L Q FRQWUDVW￿WKH KL JKHU SRSXO DWL RQ JURZ WK FRXQWU\KDV H[ S HUL HQFHG
D S RRUHU S HUI RUP DQFH L Q WHUP V RIWKH Z DJH RIO HVV VN L O O HG Z RUN HUV￿D P XFK JUHDWHU
L QFUHDVH L Q WKH UHWXUQV WR HGXFDWL RQ￿D JUHDWHU L QFUHDVH L Q WKH HP SO R\ P HQW UDWH DQG D
VP DO O HUL QFUHDVH L Q WKH SK\ VL FDO FDSL WDO WR KXP DQ FDSL WDO UDWL R￿1RQHWKHO HVV￿ DVZ L WK
D Q \ F D V H V W X G \￿ W K LV H YLG H Q F H R Q O\ F R YH U V D OLP LW H G V D P S OH ￿ + H Q F H ￿ LQ W K H Q H [W V H F W LR Q ￿
Z H WDN H WKH QHFHVVDU\VWHS WRZ DUGV D JHQHUDO L ]DWL RQ E\H[ DP L QL QJ WKH UHO HY DQFH RIWKH
VL P SO HVW UHGXFHG I RUP L P SO L FDWL RQV RIRXU P RGHO ^WKDW L V WKH UHO DWL RQVKL SV EHWZ HHQ
SRSXO DWL RQ JURZ WK￿ HP SO R\ P HQWDQG Z DJHV^ XVL QJ WKHHQWL UHVHWRI UL FK L QGXVWUL DO L ]HG
FRXQWUL HV￿
￿￿￿ &KDQJHV LQ ( PSOR\PHQW￿ :DJHV DQG 3 RSXODWLRQ $FU RVV , QGXVWU LDO￿
L]HG &RXQWU LHV
$ V VKRXO G QRZE H FO HDU￿RXU P RGHOVXJJHVWV WKDW￿RY HU WKH FRXUVH RIWKH L QI RUP DWL RQ
UHY RO XWL RQ￿FKDQJHV L Q HP SO R\ P HQW DQG Z DJH SDWWHUQV DFURVV L QGXVWUL DO L ]HG FRXQWUL HV
VKRXO G E H V\ VWHP DWL FDO O \O L QN HG WR GL o HUHQFHV L Q UDWHV RISRSXO DWL RQ JURZ WK￿, Q WKL V
VHFWL RQ￿Z H SUHVHQW HY L GHQFH WR WKL V Ho HFW EDVHG RQ WKH VDP SO H RI￿￿ 2 ( & ’ FRXQWUL HV
Z L WK SHU FDSL WD * ’3 DERY H ￿￿ ￿￿￿￿86 L Q ￿￿￿￿￿ ￿￿ 2 XU JRDOL V WR O RRNDW WKH UHO DWL RQ￿
VKL S EHWZ HHQ HP SO R\ P HQW￿Z DJHV DQG S RSXO DWL RQ JURZ WK EHI RUH DQG DI WHU ￿￿￿￿ DV D
P H D Q V R I H [D P LQ LQ J W K H U H OH YD Q F H R I W K H W K H R U \￿ 2E YLR X V O\￿ LW ZR X OG E H G H V LU D E OH W R
KDY H Y HU\GHWDL O HG GDWD RQ Z DJHV DQG HP SO R\ P HQW I RU WKH HQWL UH VHW RIFRXQWUL HV RY HU
D OR Q J S H U LR G R I W LP H ￿ + R ZH YH U ￿ W K LV LV Q R W S R V V LE OH ￿ 2X U F K R LF H W K H U H IR U H W R IR F X V
RQ WZ R VXP P DU\P HDVXUHV RIHFRQRP L F SHUI RUP DQFH I RU Z KL FK GDWD L V UHDGL O \DY DL O ￿
DEO H I RU P RVW RIWKHVH FRXQWUL HV VL QFH ￿￿￿￿￿7 KH W Z R P HDVXUHV DUH WKH HP SO R\ P HQW
￿￿7 KH F R XQWULH V D UH $ XVWUD OLD ￿ $ XVWULD ￿ %H OJ LXP￿ & D QD GD ￿ ’ H QPD UN ￿ ) LQOD QG￿ ) UD QF H ￿ :H VW *H UPD Q\ ￿
,F H OD QG￿ ,WD O\ ￿ -D SD Q￿ 1 H WKH UOD QGV￿ 1 H Z =H D OD QG￿ 1 R UZ D \ ￿ 6Z H GH Q￿ 6Z LW] H UOD QG￿ 8 QLWH G . LQJ GR P￿ 8 QLWH G
6 W DW HV ￿: H H[FO X G HG/ X [HP E RX U J I U RPRX UV DP S O H V L Q FH Z H FRX O GQ RWDFFHV VW K H U HO HYDQ WZ DJH G DW D￿
￿￿UDWH￿￿ DQG UHDOZ DJHV ￿P HDVXUHG DV UHDOFRP SHQVDWL RQ SHU HP SO R\ HH￿ ￿￿ :HE H J L Q
E \ H [D P LQ LQ J W K H U H OD W LR Q V K LS E H W ZH H Q ￿ D Q Q X D OL] H G ￿ F K D Q J H V LQ W K H H P S OR \P H Q W U D W H
DQG SRSXO DWL RQ JURZ WK VL QFH WKL V UHO DWL RQVKL S L V HDVL O \UHO DWHG WR WKH WKHRU\ ￿ , Q HI ￿
I HFW￿3 URSRVL WL RQ ￿ VXJJHVWV WKH HP HUJHQFH RID SRVL WL Y H DVVRFL DWL RQ E HWZ HHQ FKDQJHV
L Q WKH HP SO R\ P HQW UDWH DQG SRSXO DWL RQ JURZ WK RY HU WKH FRXUVH RIWKH L QI RUP DWL RQ
UHY RO XWL RQ￿ , Q FRQWUDVW￿RXU P RGHOGRHV QRW KDY H DQ XQDP EL JXRXV SUHGL FWL RQ Z L WK
UHVSHFW WR WKH EHKDY L RXU RIWKH DY HUDJH Z DJH ￿5 HFDO OWKDW WKHUH DUH WKUHH HO HP HQWV
WKDW HQWHU WKH DY HUDJH Z DJH￿WKH SUL FH RIXQVN L O O HG O DERXU Z￿WKH SUL FH RIVN L O OU+￿
DQG WKH DY HUDJH O HY HO RIHGXFDWL RQ K￿2 XU WKHRU\SUHGL FWV WKDW￿RY HU WKH FRXUVH RIWKH
LQ IR U P D W LR Q U H YR OX W LR Q ￿ K LJ K S R S X OD W LR Q J U R ZW K ZLOO E H D V V R F LD W H G ZLW K OR Z J U R ZW K LQ
Z￿+ RZ HY HU￿L W GRHV QRW \ L HO G FO HDU SUHGL FWL RQV I RU FURVV￿FRXQWU\SDWWHUQV L Q FKDQJHV
LQ H LW K H U UK
￿￿ RU K￿ 1 R Q H W K H OH V V ￿ ZH ZLOO H [D P LQ H ^ D V LI D Q LP S OLF D W LR Q R I W K H W K H R U \^
ZK H W K H U K LJ K S R S X OD W LR Q J U R ZW K H F R Q R P LH V K D YH E H H Q S D U W LF X OD U O\ D V V R F LD W H G ZLW K
O RZUHDOZ DJH JURZ WK VL QFH WKH P L G￿ VHY HQWL HV￿N QRZ L QJ WKDW Z H DUH DFWXDO O \L P SRVL QJ
P RUH RQ WKH WKHRU\WKDQ Z KDW L V I RUP DO O \SUHGL FWHG￿& O HDUO \ ￿L W Z RXO G EH SUHI HUDEO H
WR KDY H D P HDVXUH RI WKH SUL FH RI XQVN L O O HG O DERXUL QVWHDG RI DY HUDJH Z DJHV￿ EXWVXFK
D P HDVXUH L V QRW UHDGL O \DY DL O DEO H I RU WKL V VHW RI￿￿ FRXQWUL HV RY HU D O RQJ S HUL RG RI
WL P H￿ ￿￿
￿￿:H PH D VXUH WKH H PSOR \ PH QW UD WH D V WKH IUD F WLR Q R I H PSOR \ H G LQGLY LGXD O D PR QJ WKH SR SXOD WLR Q ￿ ￿ ￿￿ ￿ ￿
7 KH GD WD D UH IUR P WKH ￿ ￿ ￿ ￿ 2(& ’ 6WD WLVWLF D O & R PSH QGLXP￿ $ QQXD O /D ER U ) R UF H VWD WLVWLF V￿
￿￿7 K H G DW D DU H I U RP W K H ￿￿￿￿ 2 ( & ’ ( FRQ RP L F 2XWOR R N ￿ 7 KH 2(& ’ (F R QR PLF 2XWOR R N GLUH F WO\ UH SR UWV
UH D O F R PSH QVD WLR Q SH U H PSOR \ H H ￿ :KH Q D Y D LOD EOH ￿ WKLV LV WKH PH D VXUH Z H XVH G￿ ,I LW LV QR W D Y D LOD EOH ￿ Z KLF K LV
WKH F D VH R QO\ LQ SD UW R I WKH SUH ￿￿ ￿ VD PSOH ￿ Z H F R QVWUXF WH G UH D O F R PSH QVD WLR Q SH U H PSOR \ H H E\ GLY LGLQJ WR WD O
F R PSH QVD WLR Q E\ WKH QXPEH U R I H PSOR \ H H V D QG GH qD WLQJ E\ WKH *’ 3 GH qD WR U￿ :H F KH F N H G WKH UR EXVWQH VV
R I R XU UH VXOWV E\ F R QVLGH ULQJ D OWH UQD WLY H Z D J H PH D VXUH V￿ VXF K D V KR XUO\ Z D J H V LQ PD QXID F WXULQJ ￿ D QG IR XQG
WKD W WKH UH VXOWV D UH UR EXVW WR VXF K F KD QJ H V￿ 1 R WH ￿ WKR XJ K￿ WKD W Z H KD G OH VV VF R SH WR Y H ULI\ WKH UR EXVWQH VV R I
RX UU HV X O W VI RUW K H S HU L RG￿￿￿￿￿ ￿￿￿￿￿
￿￿1 R WH WKD W WKH WKH R U\ KD V D Q XQD PELJ XR XV SUH GLF WLR Q IR U
UK
Z ￿ EXW QR W IR U UK DO RQ H￿
￿￿) R U H [ D PSOH ￿ Z D J H GD WD IR U QR Q￿SUR GXF WLR Q Z R UN H UV LQ PD QXID F WXULQJ ￿ Z KLF K F R XOG EH D UJ XH G WR EH
D EH WWH U SUR [ \ IR U WKH XQVN LOOH G Z D J H ￿ LV QR W D Y D LOD EOH IR U D OO WKH VH F R XQWULH V R Y H U WKLV SH ULR G ￿LW LV R QO\
D Y D LOD EOH IR U D ER XW KD OI WKH VH F R XQWULH V D QG IR U VKR UWH U SH ULR GV R I WLPH ￿￿ 1 R QH WKH OH VV￿ IR U WKH D Y D LOD EOH
VXEVH W R I F R XQWULH V￿ Z H H [ D PLQH G Z KH WKH U D Y H UD J H Z D J H J UR Z WK Z D V D Q XQELD VH G SUH GLF WR U R I Z D J H J UR Z WK
IR U QR Q￿SUR GXF WLR Q Z R UN H UV LQ PD QXID F WXULQJ ￿ :H IR XQG WKLV WR EH WKH F D VH D QG KH QF H LW VXSSR UWH G D UH
Y LH Z WKD W F UR VV￿F R XQWU\ GLoH UH QF H V LQ D Y H UD J H Z D J H J UR Z WK D UH OLN H O\ GR PLQD WH G E\ F KD QJ H V LQ WKH SULF H R I
XQVN LOOH G OD ER XU￿
￿￿7 DEO H ￿ UHS RUWV FURVV￿ VHFWL RQDOHVWL P DWHV RIWKH Ho HFW RISRSXO DWL RQ JURZ WK RQ
FKDQJHV L Q WKH HP SO R\ P HQW UDWH￿Z KHUH FKDQJHV DUH FDO FXO DWHG RY HU WKH HQWL UH SHUL RG
RIL QWHUHVW ￿D O RQJ￿ GL o HUHQFH￿ DQG WKHQ DQQXDO L ]HG￿, Q & RO XP Q ￿￿Z H UHS RUW DQ HVWL ￿
P DWH I RU WKH SHUL RG SUL RU WR L QI RUP DWL RQ UHY RO XWL RQ￿WKDW L V￿RY HU WKH SHUL RG ￿￿￿￿ WR
￿￿￿￿￿7 KH UHVXO WV L Q WKH WDEO H UHY HDOQR V\ VWHP DWL F UHO DWL RQVKL S EHW Z HHQ SRSXO DWL RQ
JURZ WK￿￿ D Q G F K D Q J H V LQ W K H H P S OR \P H Q W U D W H R YH U W K LV S H U LR G ￿ ,Q &R OX P Q ￿ ￿ ￿ ￿ ZH
UHSRUW WKH HVWL P DWH RIWKH VDP H Ho HFW I RU WKH SHUL RG ￿￿￿￿￿ ￿￿￿￿￿WKDW L V￿Z H UHSRUW WKH
UHJUHVVL RQ FRHr FL HQW DVVRFL DWHG Z L WK UHJUHVVL QJ WKH ￿DQQXDO L ]HG￿ O RQJ￿ GL o HUHQFH L Q
WKH HP SO R\ P HQW UDWH EHWZ HHQ ￿￿￿￿ DQG ￿￿￿￿ RQ WKH ￿DQQXDO L ]HG￿ SRSXO DWL RQ JURZ WK
UDWH RY HU WKH VDP H SHUL RG￿, Q FRQWUDVW WR & RO XP Q ￿￿￿￿L Q & RO XP Q ￿￿￿ Z H QRZpQG D
SRVL WL Y H DQG VL JQL pFDQWUHO DWL RQVKL S EHW Z HHQ SRSXO DWL RQ JURZ WK DQG WKH HP SO R\ P HQW
UDWH￿6L QFH S RVL WL Y H HP SO R\ P HQW UDWH FKDQJHV P D\JHQHUDWH L P P L JUDWL RQ DQG KHQFH
SRSXO DWL RQ JURZ WK￿L Q & RO XP Q ￿￿￿ Z H UH￿ HVWL P DWH WKH UHO DWL RQVKL S RY HU WKH SRVW ￿￿￿￿
SHUL RG XVL QJ WKH SRSXO DWL RQ JURZ WK RY HUWKH ￿￿￿￿￿ ￿￿ SHUL RG DVDQ L QVWUXP HQW￿ ￿￿ 7K H
HVWL P DWH L Q & RO XP Q ￿￿￿ L V DO P RVW L GHQWL FDOWR WKDW L Q & RO XP Q ￿￿￿ DQG KHQFH GRHV QRW
V X J J H V W W K D W W K H R E V H U YD W LR Q LV G U LYH Q E \ U H YH U V H F D X V D OLW \￿ )LQ D OO\￿ LQ &R OX P Q ￿ ￿ ￿ ZH
RP L W WKH 8 QL WHG 6WDWHV I URP WKH VDP SO H L Q RUGHU WR VKRZWKDW WKH UHVXO W L V QRW GUL Y HQ
E\WKL V REVHUY DWL RQ DO RQH￿7 RJHWKHU￿Z H WDN H WKH UHVXO WV RI7 DEO H ￿ DV L QGL FDWL QJ WKDW￿
RY HU WKH SHUL RG RIWKH L QI RUP DWL RQ UHY RO XWL RQ￿WKHUH DSS HDUV WR KDY H HP HUJHG D V\ V￿
WHP DWL F DQG SRVL WL Y H UHO DWL RQVKL S E HWZ HHQ SRSXO DWL RQ JURZ WK DQG HP SO R\ P HQW UDWH
F KD QJ H VD VSU H GL F W H GE\ R XUW KH R U \ ￿
, Q 7 DEO H ￿￿Z H UHSRUW HVWL P DWHV RIWKH UHO DWL RQVKL S EHWZ HHQ WKH S HUFHQWDJH FKDQJHV
L Q UHDOZ DJHV ￿P HDVXUHG DV WKH UHDOFRP SHQVDWL RQ SHU HP SO R\ HH￿ DQG SRSXO DWL RQ
JURZ WK￿ : H DJDL Q EHJL Q E\H[ DP L QL QJ WKH UHO DWL RQVKL S RY HU WKH ￿￿￿￿￿ ￿￿ SHUL RG￿
+ RZ HY HU￿EHI RUH GL VFXVVL QJ WKHVH HVWL P DWHV￿L W L V UHO HY DQW WR pUVW UHFDO OZ KDW VWDQGDUG
QHR￿ FO DVVL FDOJURZ WK WKHRU\VXJJHVWV UHJDUGL QJ WKL V UHO DWL RQ￿, Q Ho HFW￿WKHUH DUH WZ R
FDVHV￿7 KH VL P SO HVWFDVH L VZ KHQ FRXQWUL HVDUH RQ WKHL UEDO DQFHG JURZ WK SDWK￿, I WKL V
￿￿:H XVH WKH J UR Z WK R I WKH SR SXOD WLR Q ￿ ￿ ￿￿ ￿ D V R XU PH D VXUH R I SR SXOD WLR Q J UR Z WK￿
￿￿7K H5
￿ IR U WKH pUVW VWD J H UH J UH VVLR Q LV ￿￿
￿￿L V WKH FDVH￿WKH 6RO RZJURZ WK P RGHOGRHV QRW SUHGL FW DQ\V\ VWHP DWL F UHO DWL RQVKL S EH￿
WZ HHQ Z DJH JURZ WK DQG SRSXO DWL RQ JURZ WK￿, Q FRQWUDVW￿RQ WKH WUDQVL WL RQDOSDWK￿WKH
WKHRU\L V FRQVL VWHQW Z L WK D QHJDWL Y H UHO DWL RQVKL S E HWZ HHQ Z DJH JURZ WK DQG SRSXO DWL RQ
JURZ WK￿EXW WKL V FRHr FL HQW VKRXO G JR WR ]HUR RY HU WL P H DV FRQY HUJHQFH L V DFKL HY HG￿
) L QDO O \ ￿L Q WKH FDVH Z KHUH WUDQVL WL RQDOG\ QDP L FV DUH WKRXJKW WR EH L P S RUWDQW￿WKH
VWDQGDUG DSSURDFK L VWR L QFO XGH L QL WL DO * ’3 SHUFDSL WD DVDQ DGGL WL RQDO UHJUHVVRUWR
FDSWXUH WKH I RUFHV RIFRQY HUJHQFH￿
, Q & RO XP Q ￿￿￿ RI7 DEO H ￿￿Z H UHS RUW RXU FURVV￿ VHFWL RQDOHVWL P DWHV RIWKH UHO DWL RQVKL S
EHWZ HHQ Z DJHJURZ WK DQG SRSXO DWL RQ JURZ WK RY HUWKHSHUL RG ￿￿￿￿￿ ￿￿￿￿￿ L Q WKHDEVHQFH
RIDQ\DGGL WL RQDOUHJUHVVRUV￿ ￿￿ , Q FRO XP Q ￿￿￿ Z H DGG WKH ￿￿￿￿ O HY HORISHU FDSL WD JGS
￿L Q O RJ I RUP ￿ DV DQ DGGL WL RQDOUHJUHVVRU ￿￿ 7 KH UHVXO WVUHSRUWHG L Q & RO XP Q ￿￿￿DQG ￿￿￿
DUH L QWHUHVWL QJ L Q WKDW WKH\DUH Y HU\P XFK L Q O L QH Z L WK QHR￿ FO DVVL FDOJURZ WK WKHRU\ ￿
) L UVW￿L Q & RO XP Q ￿￿￿￿Z H pQG D SRL QW HVWL P DWH RIWKH Ho HFW RIS RSXO DWL RQ JURZ WK
RQ Z DJH JURZ WK RIDSSUR[ L P DWHO \￿ ￿￿ $O WKRXJK WKL V FRHr FL HQW L V QRW VWDWL VWL FDO O \
VL JQL pFDQW￿L W L V RID VL ]H HDVL O \FRQVL VWHQW Z L WK QHR￿ FO DVVL FDOJURZ WK WKHRU\ ￿, Q & RO XP Q
￿￿￿￿Z H pQG D Y HU\ VL JQL pFDQW Ho HFW RIL QL WL DO * ’3 RQ Z DJH JURZ WK￿ EXWDJDL Q pQG DQ
L QVL JQL pFDQW Ho HFW RISRSXO DWL RQ JURZ WK￿2 XU S RL QW HVWL P DWH RIFDWFK XS L V ￿￿ S HU \ HDU
Z KL FK L V UHP DUN DEO \VL P L O DU WR WKDW I RXQG L Q WKH JURZ WK O L WHUDWXUH￿+ HQFH￿Z H FRQFO XGH
WKDW SUL RU WR WKH L QI RUP DWL RQ UHY RO XWL RQ￿WKH UHO DWL RQVKL S EHW Z HHQ Z DJH JURZ WK DQG
SRSXO DWL RQ JURZ WK L V UDWKHU Z HDNDP RQJ L QGXVWUL DO L ]HG FRXQWUL HV HY HQ WKRXJK WKHUH
L V HY L GHQFH RIWUDQVL WL RQDOG\ QDP L FV I RUFHV ￿FRQY HUJHQFH￿￿ 0 RUHRY HU￿QHR￿ FO DVVL FDO
JURZ WK WKHRU\Z RXO G VXJJHVW WKDW L Q D VXEVHT XHQW SHUL RG￿WKH Ho HFW RISRSXO DWL RQ
JURZ WK RQ Z DJH JURZ WK VKRXO G GL P L QL VK ￿Z KHQ QRW FRQWURO O L QJ I RU FRQY HUJHQFH￿ VL QFH
FRQY HUJHQFH VKRXO G EH O HVVL P SRUWDQW￿
￿￿7 KH 2(& ’ 6WD WLVWLF D O & R PSH QGLXP GR H V QR W UH SR UW VXrF LH QW H PSOR \ H H F R PSH QVD WLR Q GD WD IR U ,F H OD QG
D QG KH QF H LW LV R PLWWH G IUR P R XU VD PSOH ￿ 0 R UH R Y H U￿ LQ WKH ￿ ￿ ￿ ￿ ￿￿ ￿ SH ULR G￿ WKH GD WD IR U ) LQOD QG￿ WKH
1 H WKH UOD QGV D QG 1 H Z =H D OD QG Z H UH WR R LQF R PSOH WH WR EH LQF OXGH G WKH VD PSOH ￿ + H QF H ￿ R Y H U WKH H D UO\ SH ULR G￿
Z H RQ O \ K DYH ￿￿ RE V HU YDW L RQ V ￿Z K L O H ZH K DYH ￿￿ RE V HU YDW L RQ VRYHUW K H ￿￿￿￿￿ ￿￿ S HU L RG ￿
￿￿7 KLV Y D ULD EOH LV WD N H Q IUR P %D UUR D QG 6D OD ￿L￿0 D UWLQ ￿￿￿￿￿￿ ￿
￿￿& RO XP QV￿￿￿DQG ￿￿￿RI 7 DEO H ￿ DUH WKH DQDO RJXHVWR & RO XP QV￿￿￿DQG ￿￿￿I RUWKH
SHUL RG RIWKH L QI RUP DWL RQ UHY RO XWL RQ￿$ V Z L WK WKH FDVH RIWKH HP SO R\ P HQW UDWHV￿WKHUH
DSSHDUV WR EH D GUDVWL F FKDQJH L Q WKH Ho HFWV RISRSXO DWL RQ JURZ WK L Q WKH SRVW ￿￿￿￿
SHUL RG DV FRP SDUHG WR WKH SUH￿ ￿￿￿￿ SHUL RG￿ , Q & RO XP QV ￿￿￿ DQG ￿￿￿￿RXU HVWL P DWHV
RIWKH Ho HFW RISRSXO DWL RQ JURZ WK RQ Z DJH JURZ WK DUH QRZP XFK JUHDWHU L Q VL ]H￿
Y HU\VL JQL pFDQW DQG L QGHSHQGHQW RIZ KHWKHU RU QRW Z H L QFO XGH * ’ 3 SHU FDSL WD DV
DGGL WL RQDOUHJUHVVRUV￿ ￿￿ 0R U H R YH U ￿ ZH p Q G W K D W S R S X OD W LR Q J U R ZW K D F W X D OO\ H [S OD LQ V
DQ L P S RUWDQW I UDFWL RQ RIWKH FURVV￿ VHFWL RQDOY DUL DQFH￿DQG WKHUH L V QR O RQJHU VWURQJ
HY L GHQFH RIFDWFK XS￿ ￿￿ , Q & RO XP QV ￿￿￿ DQG ￿￿￿￿Z H L QVWUXP HQW SRSXO DWL RQ JURZ WK
RY HU WKH SHUL RG ￿￿￿￿￿ ￿￿ Z L WK SRSXO DWL RQ JURZ WK RY HU ￿￿￿￿￿ ￿￿￿$JDL Q￿Z H GR QRW pQG
HY L GHQFH RIVL P XO WDQHL W\EL DV DQG￿DV L V RI WHQ WKH FDVH Z L WK , 9 HVWL P DWL RQ￿RXU SRL QW
HVWL P DWHV DUH VO L JKWO \L QFUHDVHG ￿L Q DEVRO XWH Y DO XH￿ E\WKL V SURFHGXUH￿ , Q & RO XP QV
￿￿￿￿Z H UHS HDW WKH H[ HUFL VH XVL QJ KRXUO \Z DJHV L Q P DQXI DFWXUL QJ DV RXU Z DJH P HDVXUH
L QVWHDG RIUHDOFRP S HQVDWL RQ S HU HP SO R\ HH￿: H RQO \UHSRUW WKH FDVH Z KHUH Z H HVWL P DWH
WKH XQL Y DUL DWH UHO DWL RQVKL S E\L QVWUXP HQWDOY DUL DEO HV￿VL QFH WKH RWKHU FDVHV JL Y H VL P L O DU
Y HU\UHVXO WV￿, Q DO OI XUWKHU FDVHV￿Z H I RFXV RQO \WKH , 9 HVWL P DWHV￿
2 XU pQGL QJ RID VWURQJ QHJDWL Y H DVVRFL DWL RQ E HWZ HHQ S RSXO DWL RQ JURZ WK DQG Z DJH
JURZ WK RY HU WKH ￿￿￿￿￿ ￿￿ SHUL RG L V UREXVW WR VHY HUDOH[ WHQVL RQV￿ ) RU H[ DP SO H￿Z H
I RXQG WKL VREVHUY DWL RQ WR DO Z D\ VEHUREXVWWR WKHH[ FO XVL RQ RI WKH8QL WHG 6WDWHVI URP
WKH VDP SO H￿) XUWKHUP RUH￿Z H I RXQG WKH UHO DWL RQVKL S WR EH UREXVW WR WKH L QFO XVL RQ
RID GXP P \Y DUL DEO H I RU $ QJO R￿ 6D[ RQ & RXQWUL HV ￿$ XVWUDO L D￿& DQDGD￿1 HZ= HDO DQG￿
8QL WHG . L QJGRP ￿ 8QL WHG 6WDWHV￿ DQG D GXP P \ Y DUL DEO H I RU 6FDQGL QDY L DQ & RXQWUL HV
￿’ HQP DUN ￿1 RUZ D\ ￿6Z HGHQ￿￿ , Q I DFW￿DV FDQ EH VHHQ L Q 5 RZ￿￿￿ Z KHUH WKHVH WZ R
GXP P \ Y DUL DEO HVDUHL QFO XGHG￿ WKHDGGL WL RQ RI WKHVHGXP P L HVEDUHO \ Do HFWVRXUSRL QW
HVWL P DWHV￿ ￿￿￿ ) L QDO O \ ￿L Q 5RZ￿￿￿ Z H L QFO XGH WKH FKDQJH L Q WKH HP SO R\ P HQW UDWH
￿￿, IZ H X V H W K H JU RZ W KL QK RX U O \ Z DJHVL QP DQ X I DFW X U L Q J DVRX UG HS HQ G DQ WYDU L DE O H￿ZH DJDL Qp Q GDQ
H VWLPD WH R I ￿￿ ￿￿ ￿ ￿V￿H ￿ ￿￿ ￿ IR U WKH H oH F W R I SR SXOD WLR Q J UR Z WK￿
￿￿,I Z H H [ F OXGH SR SXOD WLR Q J UR Z WK￿ Z H pQG D VLJ QLpF D QW H oH F W R I ￿ ￿ ￿ ￿ *’ 3 SH U F D SLWD O R Q Z D J H J UR Z WK
￿ ￿￿FDW FKX SU DW H￿E X WZ H G RQ ￿ Wp Q GD V L JQ L p FDQ WHo HFWL IZ H X V H D P RU H U HFHQ WP HDV X U H RI* ’ 3S HUFDS L W D￿
￿￿:H F D Q J R H Y H Q R QH VWH S IXUWKH U D QG H [ F OXGH D OO QR Q￿(XUR SH D Q F R XQWULH V IUR P WKH VD PSOH D QG PD LQWD LQ
￿￿DV DQ DGGL WL RQDOUHJUHVVRU￿ , QWHUHVWL QJO \Z H VHH WKDW￿FRQVL VWHQW Z L WK RXU WKHRU\ ￿
S R S X O D W L R QJ U R Z W KK D VD QH o H F WR QZ D J HJ U R Z W KE H \ R Q GW K D WL Q G X F H GE \ DF K D Q J H
LQ W K H H P S OR \P H Q W U D W H ￿ ,Q V X P P D U \￿ R YH U W K H ￿ ￿ ￿ ￿ ￿￿ ￿ S H U LR G W K H U H D S S H D U V W R W R
KDY H HP HUJHG D VL ]DEO H DQG V\ VWHP DWL F UHO DWL RQVKL S EHWZ HHQ SRSXO DWL RQ JURZ WK DQG
FKDQJHV L Q Z DJH DQG HP SO R\ P HQW SDWWHUQV￿ , Q SDUWL FXO DU￿WKH ￿￿￿￿￿ ￿￿ SDWWHUQV DUH
VXUSUL VL QJ JL Y HQ WKH REVHUY DWL RQV RY HU WKH ￿￿￿￿￿ ￿￿ SHUL RG DQG DUH WKHUHI RUH GL r FXO W
WR UHFRQFL O H Z L WK D 6RO RZW\ SH JURZ WK P RGHO￿ + RZ HY HU￿VXFK D FKDQJH L Q SDWWHUQ
DI WHU ￿￿￿￿ L V FRQVL VWHQW Z L WK WKH W\ SH RIVWUXFWXUDOWUDQVI RUP DWL RQ VXJJHVWHG E\RXU
P RGHO DVD UHVXO WVRI D GUDVWL F GHFO L QH L Q WKH SUL FH RI FRP SXWHUEDVHG FDSL WDO ￿
￿ &RQFOXVLRQ
, Q WKL V SDSHU￿Z H KDY H L O O XVWUDWHG KRZGL o HUHQFHV L Q SRSXO DWL RQ JURZ WK FDQ Ro HU D
UDWKHU VL P SO H XQL pHG H[ SO DQDWL RQ WR P DQ\FURVV￿ FRXQWU\GL o HUHQFHV L Q UHFHQW HFRQRP L F
SHUI RUP DQFH￿, Q SDUWL FXO DU￿ Z H KDY H VKRZ Q WKHRUHWL FDO O \ KRZ SRSXO DWL RQ JURZ WK FDQ
DFFHO HUDWH WKH SURFHVV RIDGRSWL RQ RIQHZWHFKQRO RJ\DQG WKHUHE\O HDG VXFK FRXQWUL HV
WR H[ KL EL WD P RUHSURI RXQG FKDQJHL Q HFRQRP L FRXWFRP HVGXUL QJ WKHL QI RUP DWL RQ UHY ￿
RO XWL RQ￿2 XU P RGHO Ro HUV DQ H[ SO DQDWL RQ I RU Z K\ KL JK SRSXO DWL RQ JURZ WK HFRQRP L HV￿
O L N H WKH 8 6￿DSSHDU SDUWL FXO DUO \WHFKQRO RJL FDO O \G\ QDP L F L Q WKH UHFHQW HUD _ HVSH￿
FL DO O \L Q FRP SDUL VRQ WR WKHL U UHO DWL Y H SHUI RUP DQFH L Q WKH VHY HQWL HV_ ERWK L Q WHUP V
RIWKH DGRSWL RQ RIFRP SXWHUV DQG L Q DGRSWL RQ QHZI RUP V RIZ RUNRUJDQL ]DWL RQ￿) XU￿
WKHUP RUH￿VL QFH Z H Y L HZWKL V SURFHVV RIWHFKQRO RJL FDODGRSWL RQ DV HQGRJHQRXV DQG
KHQFH RIY DUL DEO H VSHHG DFURVV FRXQWUL HV￿L W Ro HUV DQ H[ SO DQDWL RQ I RU FURVV FRXQWU\
GL o HUHQFHV L Q Z DJH RXWFRP HV DV Z HO ODV WKH JURZ WK RIWKH VHUY L FH VHFWRU￿: H KDY H DO VR
SURY L GHG VRP H HP SL UL FDO HY L GHQFH L Q VXSSRUWRI WKH WKHRU\ ￿2 EY L RXVO \ ￿ WKHUH DUH L P ￿
SRUWDQW DVS HFWV RIFURVV￿ FRXQWU\GL o HUHQFHV L Q HFRQRP L F SHUI RUP DQFH WKDW RXU P RGHO
D GXPP\ Y D ULD EOH IR U 6F D QGLQD Y LD Q F R XQWULH V￿ (Y H Q LQ WKLV F D VH ￿ Z H J H W D VLPLOD U H VWLPD WH R I WKH H oH F W R I
SR SXOD WLR Q J UR Z WK
￿￿KDVQRWDGGUHVVHG￿￿ ￿H[ DP SO H￿Z L WKL Q JURXS L QHT XDO L W \ DQG XQHP SO R\ P HQW￿DQG WKHUH
DUH JRRG UHDVRQV WR EHO L HY H WKDW RWKHU I RUFHV￿VXFK DV L QVWL WXWL RQV DQG JO REDO L ]DWL RQ￿
SO D\ D URO HL Q GHWHUP L QL QJ HFRQRP L FRXWFRP H￿1RQHWKHO HVV￿ Z HEHO L HY HWKDWRXUWKHRU\
DQG WKH DVVRFL DWHG HP SL UL FDOHY L GHQFH VXJJHVWV WKDW GL o HUHQFHV L Q S RSXO DWL RQ JURZ WK
P D\ EH D N H\ HO HP HQWI RUXQGHUVWDQGL QJ FURVV￿ FRXQWU\GL o HUHQFHV L Q UHFHQW HFRQRP L F
SHUI RUP DQFH￿￿￿
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S RS X O DW L RQ JU RZ W K RYHU W K H S HU L RG ￿￿￿￿￿ ￿￿ L V X V HG W R L Q VWUXPH QW SR SXOD WLR Q J UR Z WK R Y H U WKH SH ULR G ￿ ￿￿￿￿ ￿￿￿
￿ ￿ ,Q 5R Z ￿￿ ￿￿ WKH 8 6 R EVH UY D WLR Q LV R PLWWH G IUR P WKH VD PSOH
￿￿7DEOH ￿￿ &URVV￿&RXQWU\ (VW￿ RI (oHFW RI 3RS￿ JURZWK RQ :DJH *URZWK
&RQVW￿ 3RS￿ *URZWK *’3￿￿￿ c (PS￿UDWH 5￿ 1￿ 2EV￿
￿V￿H￿ ￿V￿H￿￿ ￿V￿H￿￿ ￿V￿H￿
￿￿￿￿￿￿￿
￿￿￿ ￿￿￿￿ ￿￿￿￿￿ _ _ ￿￿￿￿ ￿￿
￿￿￿￿￿￿ ￿￿￿￿￿￿
￿￿￿ ￿￿￿￿ ￿￿￿￿￿ ￿￿￿￿￿ _ ￿￿￿￿ ￿￿
￿￿￿￿￿￿ ￿￿￿￿￿￿ ￿￿￿￿￿￿ _
￿￿￿￿￿￿￿
￿￿￿ ￿￿￿￿ ￿￿￿￿￿ _ _ ￿￿￿￿ ￿￿
￿￿￿￿ ￿￿￿￿￿￿
￿￿￿ ￿￿￿￿ ￿￿￿￿￿ ￿￿￿￿￿ _ ￿￿￿￿ ￿￿
￿￿￿￿￿￿ ￿￿￿￿￿￿ ￿￿￿￿￿￿
￿￿￿￿ ,9 ￿￿￿￿ ￿￿￿￿￿ _ _ ￿￿￿￿ ￿￿
￿￿￿￿ ￿￿￿￿￿￿
￿￿￿￿ ,9 ￿￿￿￿ ￿￿￿￿￿ ￿￿￿￿￿ _ ￿￿￿￿ ￿￿
￿￿￿￿￿￿ ￿￿￿￿￿￿ ￿￿￿￿￿￿
￿￿￿￿ ,9 ￿￿￿￿ ￿￿￿￿￿ _ _ ￿￿￿￿ ￿￿
￿￿￿￿ ￿￿￿￿￿￿
￿￿￿￿ ,9 ￿￿￿￿ ￿￿￿￿￿ _ _ ￿￿￿￿ ￿￿
￿￿￿￿￿￿ ￿￿￿￿￿￿
￿￿￿￿ ,9 ￿￿￿￿ ￿￿￿￿￿ _ ￿￿￿￿￿ ￿￿￿￿ ￿￿
￿￿￿￿ ￿￿￿￿￿￿ ￿￿￿￿￿￿
￿￿￿ ￿ 7 KH GH SH QGD QW Y D ULD EOH LV WKH J UR Z WK LQ UH D O F R PSH QVD WLR Q SH U Z R UN H U R Y H U WKH H QWLUH SH ULR G ￿ ￿ ￿ ￿ ￿￿ ￿
￿D QQXD OL] H G￿￿ 5R Z ￿￿ ￿ LV D Q H [ F H SWLR Q￿ Z KH UH WKH GH SH QGD QW Y D ULD EOH LV WKH SH UF H QWD J H F KD QJ H LQ WKH KR XUO\
Z D J H LQ PD QXID F WXULQJ ￿ 7 KH F R XQWULH V LQ WKH VD PSOH D UH $ XVWUD OLD ￿ $ XVWULD ￿ %H OJ LXP￿ & D QD GD ￿ ’ H QPD UN ￿
) LQOD QG￿ ) UD QF H ￿ :￿ *H UPD Q\ ￿ ,WD O\ ￿ -D SD Q￿ 1 H WKH UOD QGV￿ 1 H Z =H D OD QG￿ 1 R UZ D \ ￿ 6Z H GH Q￿ 6Z LW] H UOD QG￿
8 QLWH G . LQJ GR P￿ 8 QLWH G 6WD WH V￿ ,F H OD QG LV GUR SSH G IUR P R XU H D UOLH U VD PSOH EH F D XVH R I PLVVLQJ GD WD ￿ ) R U
: HV W* HU P DQ \￿FK DQ JHVDU H FDO FX O DW HGRYHUW K H S HU L RG￿￿￿￿￿ ￿￿ L QVWH D G R I ￿￿￿￿￿ ￿￿ W K HQDQ Q X DO L ]HG ￿
￿ ￿ 3R SXOD WLR Q J UR Z WK LV WKH D QQXD OL] H G SH UF H QWD J H F KD QJ H LQ SR SXOD WLR Q ￿ ￿ WR ￿ ￿ ￿ :KH Q H VWLPD WLQJ E\ ,9 ￿
SR SXOD WLR Q J UR Z WK R Y H U WKH SH ULR G ￿ ￿ ￿ ￿ ￿￿ ￿ LV XVH G WR LQVWUXPH QW SR SXOD WLR Q J UR Z WK R Y H U ￿ ￿ ￿ ￿ ￿￿ ￿ ￿
￿￿* ’ 3 ￿ ￿￿ L VW K H O HYHORIU HDO* ’ 3S HUFDS L W D L Q￿￿￿￿￿
￿ ￿ c (PS￿ UD WH LV WKH D QQXD OL] H G F KD QJ H LQ WKH H PSOR \ PH QW UD WH R Y H U WKH SH ULR G ￿ ￿ ￿￿ ￿ ￿
￿ ￿ ,Q 5R Z V ￿￿ ￿ D QG ￿￿ ￿￿ ) LQOD QG￿ 1 H WKH UOD QGV D QG 1 H Z =H D OD QG D UH GUR SSH G IUR P WKH VD PSOH EH F D XVH R I
PLVVLQJ GD WD ￿
￿ ￿ ,Q 5R Z ￿￿ ￿￿ ’ H QPD UN ￿ 1 R UZ D \ D QG 6Z LW] H UOD QG D UH GUR SSH G IUR P WKH VD PSOH EH F D XVH R I PLVVLQJ GD WD ￿
￿ ￿ ,Q UR Z ￿￿ ￿￿ D GXPP\ Y D ULD EOH IR U $ QJ OR ￿VD [ R Q F R XQWULH V D QG D GXPP\ Y D ULD EOH IR U 6F D QGLQD Y LD Q F R XQWULH V
LV LQF OXGH G LQ WKH UH J UH VVLR QV￿
￿￿$SSHQGL[ $
,Q WKLV DSSHQGL[￿ ZH IRFXV RQ WKH SURRIV RI /HPPDV UHODWHG WR WKH FDVH ZLWK HQGRJHQRXV
KXPDQ FDSLWDO DFFXPXODWLRQ￿ WKDW LV￿ /HPPD ￿$ DQG /HPPD ￿$ ￿DQG KHQFH 3URSRVLWLRQ ￿￿￿
:H SURFHHG DV IROORZV￿ :H pUVW EHJLQ E\ SUHVHQWLQJ WKH VHW RI HTXDWLRQV ZKLFK FKDUDFWHUL]H
WKH :DOUDVLDQ (TXLOLEULXP ZKHQ WKH WZR WHFKQRORJLHV )2￿c￿D Q G)0￿c￿ DUH LQ XVH￿ 5HFDOO￿
WKDW ZH DUH DVVXPLQJ WKH PRGHUQ WHFKQRORJ\ LV VXrFLHQW HrFLHQW IRU LW WR EH DGRSWHG LQ
ERWK WKH SUH DQG SRVW LQIRUPDWLRQ UHYROXWLRQ HUD￿ 0RUHRYHU￿ VLQFH ZH DUH DVVXPLQJ WKDW
WKH PRGHUQ WHFKQRORJ\ LV VNLOO LQWHQVLYH ￿y!￿￿ DQG WKDW LW GRHVQ￿W XVH XQVNLOOHG ODERU￿
LW ZLOO QHFHVVDULO\ EH WKH FDVH WKDW WKH ROG WHFKQRORJ\ DOZD\V UHPDLQV LQ XVH￿ +HQFH￿ LW LV
DSSURSULDWH WR IRFXV RQO\ RQ FDVHV ZKHUH ERWK WHFKQRORJLHV DUH LQ XVH￿ $IWHU SUHVHQWLQJ
WKLV VHW RI HTXDWLRQV￿ ZH ZLOO VWDWH DQ LQWHUPHGLDU\ /HPPD ￿/HPPD ;￿￿￿ /HPPD ;￿ ZLOO
KLJKOLJKW FHUWDLQ JHQHUDO IHDWXUHV WKH :DOUDVLDQ (TXLOLEULXP LQ RXU VHWWLQJ￿ WKDW LV￿ IHDWXUHV
WKDW GR QRW UHO\ RQ WKH SDUWLFXODU SDUDPHWHUL]DWLRQ RI WHFKQRORJ\ JLYHQ LQ ￿￿￿ DQG ￿￿￿￿￿
2QFH ZH KDYH SURYHQ /HPPD ;￿￿ WKH SURRIV RI /HPPD ￿$ DQG /HPPD ￿$ DUH UDWKHU
VWUDLJKWIRUZDUG￿
s 7KH :DOUDVLDQ (TXLOLEULXP &RQGLWLRQV￿
,Q RUGHU WR SUHVHQW WKH (TXLOLEULXP &RQGLWLRQV H[SOLFLWO\￿ LW LV XVHIXO WR ZRUN ZLWK
XQLW FRVW IXQFWLRQV LQVWHDG RI SURGXFWLRQ IXQFWLRQV￿ 7R WKLV HQG￿ OHW &2￿Z￿U+￿U .￿D Q G
&0￿U+￿U ,7￿ UHSUHVHQW WKH XQLW FRVW IXQFWLRQV DVVRFLDWHG ZLWK UHVSHFWLYHO\ WKH ROG DQG
PRGHUQ SURFHVVHV RI SURGXFWLRQ￿ 0RUHRYHU￿ OHW < 2 DQG < 0 UHSUHVHQW WKH DPRXQW RI WKH
pQDO JRRG SURGXFHG XVLQJ WKH ROG DQG PRGHUQ IRUPV RI SURGXFWLRQ￿ $W WKLV SRLQW￿ ZH GRQ￿W
LPSRVH SDUWLFXODU IXQFWLRQ IRUPV RQ WKH FRVW IXQFWLRQV ￿WKH\ QHHG RQO\ EH FRVW IXQFWLRQV
DVVRFLDWHG ZLWK &56￿FRQYH[ WHFKQRORJLHV￿￿ &RQVLGHU WKH IROORZLQJ VHW RI ￿￿ HTXDWLRQV LQ WKH
￿￿ YDULDEOHV IZW￿U +￿W￿U .￿W￿U ,7￿W￿U WJ DQG I/W￿+ W￿. W￿,7 W￿<2
W ￿<0
W ￿K W￿% WJ￿
/W  ￿￿ ￿ u￿W ￿$￿￿
+W   KW￿￿ ￿ u￿W ￿$￿￿
4￿￿KW￿ U+￿W ￿$￿￿




















￿￿UN￿W   vWU,7￿W  ￿￿UW ￿$￿￿￿￿$￿￿
/W   &2
￿ ￿ZW￿U +￿W￿U .￿W￿< 2
W ￿$￿￿
+W   &2
￿ ￿ZW￿U +￿W￿U .￿W￿< 2
W ￿&0
￿ ￿U+￿W￿U ,7￿W￿< 0
W ￿$￿￿
.W   &2
￿ ￿ZW￿U +￿W￿U .￿W￿< 2
W ￿$￿￿￿
,7W   &0
￿ ￿U+￿W￿U ,7￿W￿< 0
W ￿$￿￿￿
&2￿ZW￿U +￿W￿U .￿W￿ ￿ ￿ $￿￿￿
&0￿U+￿W￿U ,7￿W￿ ￿ ￿ $￿￿￿
(TXDWLRQV ￿$￿￿￿￿$￿￿ JLYH WKH VXSSO\ RI IDFWRUV E\ KRXVHKROGV￿ (TXDWLRQV ￿$￿￿￿￿$￿￿￿
JLYH WKH GHPDQG RI IDFWRUV E\ pUPV￿ DQG (TXDWLRQV ￿$￿￿ DQG ￿$￿￿ DUH WKH QR￿DUELWUDJH
FRQGLWLRQV RQ WKH FDSLWDO PDUNHWV￿ 6LQFH WKH ZD\ ZH KDYH VHW XS WKLV V\VWHP RI HTXDWLRQ
JXDUDQWLHV WKDW VXSSO\ HTXDOV GHPDQG LQ DOO WKH PDUNHWV ￿E\ :DOUDV￿ /DZ WKH JRRGV PDUNHW
HTXLOLEULXP FRQGLWLRQ LV RPLWWHG￿￿ LW WKHUHE\ UHSUHVHQWV WKH :DOUDVLDQ HTXLOLEULXP RI RXU
PRGHO ZLWK HQGRJHQRXV KXPDQ FDSLWDO DFFXPXODWLRQ￿ 1RWH WKDW LQ WKH DERYH HTXDWLRQV￿ D
VXEVFULSW RQ WKH FRVW IXQFWLRQ UHSUHVHQW WKH GHULYDWLYH ZLWK UHVSHFW WR WKH QWK DUJXPHQW￿
6LQFH ZH ZLOO IRFXV RQO\ WKH VWHDG\ VWDWH￿ LW LV SRVVLEOH WR VLPSOLI\ WKH DERYH V\VWHP LQWR
WKH IROORZLQJ VHW RI ￿ HTXDWLRQV LQ ￿ YDULDEOHV IZ￿U+￿a UJ DQG Ia N￿ a < 2￿ a < 0￿KJ￿
4￿￿K￿ U+ ￿$￿￿￿
a N  
V
￿￿ ￿u￿
￿Z ￿KU+ b4￿K￿￿a Na U￿￿ $￿￿￿
ZKHUH V   ￿
p
b￿





￿ ￿Z￿U+￿a U￿a < 2 ￿$￿￿￿
K   &2




￿a < 0 ￿$￿￿￿
a N   &2
￿ ￿Z￿U+￿a U￿a < 2 ￿
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￿ ￿ ￿ $￿￿￿
￿￿ZKHUH a U   U.   U,7v￿ a N  
.￿ ,7
v
￿￿￿u￿W LV WKH SHU FDSLWDO WRWDO FDSLWDO VWRFN￿ a < 2   < 2
￿￿￿u￿W LV
WKH SHU FDSLWD SURGXFWLRQ RI RXWSXW XVLQJ WKH ROG WHFKQRORJ\ DQG a < 0   < 0
￿￿￿u￿W LV WKH SHU
FDSLWD SURGXFWLRQ RI RXWSXW XVLQJ WKH PRGHUQ WHFKQRORJ\￿
7KLV PRGLpHG V\VWHP RI HTXDWLRQV￿ ZKHUH TXDQWLWLHV DUH DOO H[SUHVVHG LQ SHU FDSLWD
WHUPV￿ UHSUHVHQWV WKH WZR DFFXPXODWLRQ HTXDWLRQV IRU KXPDQ DQG SK\VLFDO FDSLWDO DQG WKH
IDFWRU PDUNHW FOHDULQJ FRQGLWLRQV￿ 1RWH WKDW WUDGLWLRQDO DQG FRPSXWHU EDVHG FDSLWDO FDQ EH
DJJUHJDWHG LQWR RQH YDULDEOH a N XVLQJ WKH UHODWLYH SULFH ￿
v￿
:H DUH QRZ LQ D SRVLWLRQ WR DVN KRZ SRSXODWLRQ JURZWK DoHFWV WKH VWHDG\ VWDWH ZDJH
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#u ￿ ￿ LI DQG RQO\ LI
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￿ ￿Z￿U+￿a U￿ ! ￿
￿D￿ # a < 0
#u ￿ ￿L I
&0




￿ ￿Z￿U+￿a U￿ !
&0




￿E￿ # a < 2
#u ￿ ￿L I
&0




￿ ￿Z￿U+￿a U￿ ￿
&0





#u ! ￿￿ #U+
#u ￿ ￿￿ #K
#u ￿ ￿
3URRI RI /HPPD ;￿￿ 7KH FKDUDFWHUL]DWLRQ JLYHQ LQ /HPPD ;￿ FDQ EH IRXQG E\ WRWDOO\
GLoHUHQWLDWLQJ WKH V\VWHP RI HTXDWLRQV ￿$￿￿￿ WR ￿$￿￿￿ DQG DSSO\LQJ &UHPHU￿V UXOH￿ 7KH RQO\
WHGLRXV DVSHFW LV WR VLJQ WKH GHWHUPLQDQW RI WKH OLQHDUL]HG V\VWHP￿ 7R GR VR￿ LW LV KHOSIXO WR
XVH UHVXOWV SUHVHQWHG LQ ’LHZHUW DQG :RRGODQG ￿￿￿￿￿￿￿ ZKLFK DOORZV WR XQLTXHO\ VLJQ WKH
ORZHU ￿ E\ ￿ PDWUL[ ￿WKLV VXE PDWUL[ FRUUHVSRQGV WR D V\VWHP ZLWKRXW IDFWRU DFFXPXODWLRQ￿￿
,W LV DOVR HDVLHVW WR pUVW FRQVLGHU WKH FDVH ZKHUH K LV H[RJHQRXV￿ VLQFH WKLV DOORZV RQH WR
WHPSRUDULO\ GURS (TXDWLRQ ￿$￿￿￿￿ 2QFH WKH VLJQ RI WKH GHWHUPLQDQW LV SLQQHG GRZQ￿ WKH
￿￿VWDWHPHQWV RI /HPPD ;￿ DUH HDVLO\ LQIHUUHG JLYHQ WKH EORF GLDJRQDO DVSHFW RI WKH V\VWHP
DQG JLYHQ WKDW u RQO\ HQWHUV RQH HTXDWLRQ￿ )RU H[DPSOH￿ WKH HoHFW RI SRSXODWLRQ JURZWK RQ
U￿ U+ DQG K DUH XQDPELJXRXV￿ ZKLOH WKH HoHFW RQ Z FDQ EH VHHQ WR GHSHQG RQO\ RQ WKH VLJQ
RI
&0




￿ ￿Z￿U+￿a U￿ b
&0
￿ ￿U+￿ a U
v￿
&2
￿ ￿Z￿U+￿a U￿ DV VWDWHG LQ WKH /HPPD￿ )XUWKHUPRUH￿ WKH HoHFWV RI SRSXODWLRQ
JURZWK RQ WKH UHWXUQV WR HGXFDWLRQ DUH VHHQ WR GHSHQG RQ WKH VLJQ RI
&0




￿ ￿Z￿U+￿a U￿ b ￿￿ $
VWHS￿E\￿VWHS GHPRQVWUDWLRQ RI WKLV FRPSDUDWLYH VWDWLF H[HUFLVH LV DYDLODEOH IURP WKH DXWKRUV￿
s
7KH LQWHUHVWLQJ DVSHFW RI /HPPD ;￿ LV WKDW LW VKRZV WKDW WKH HoHFWV RI SRSXODWLRQ
JURZWK GHSHQG RQ WKH UHODWLYH IDFWRU LQWHQVLWLHV RI WKH WZR XQGHUO\LQJ SURGXFWLRQ WHFKQROR￿
JLHV￿ ,Q RUGHU WR VHH WKLV￿ LW LV KHOSIXO WR UHFDOO WKDW WKH GHULYDWLYH RI WKH FRVW IXQFWLRQ ZLWK
UHVSHFW WR D IDFWRU SULFH LV WKH IDFWRU UHTXLUHPHQW IRU SURGXFLQJ RQH XQLW RI RXWSXW￿ +HQFH￿
VWDWHPHQW ￿ LQ /HPPD ;￿ LQGLFDWHV WKDW WKH HoHFW RI SRSXODWLRQ JURZWK RQ WKH SULFH RI
XQVNLOOHG ODERU GHSHQGV RQ ZKHWKHU WKH PRGHUQ WHFKQRORJ\ XVHV PRUH LQWHQVLYHO\ FDSLWDO
￿RQFH SURSHUO\ QRUPDOL]HG E\ WKH UHODWLYH SULFH v WR WDNH DFFRXQW RI WKH IDFW WKDW WKH WZR
WHFKQRORJLHV XVH GLoHUHQW W\SHV RI FDSLWDO￿ RU VNLOO UHODWLYH WR WKDW XVHG LQ WKH ROGHU WHFKQRO￿
RJ\￿ 6LPLODUO\￿ VWDWHPHQW ￿ LQGLFDWHV WKDW WKH HoHFW RI SRSXODWLRQ JURZWK RQ WKH UHWXUQ WR
HGXFDWLRQ GHSHQGV RQ ZKHWKHU RU QRW WKH PRGHUQ WHFKQRORJ\ XVHV PRUH FDSLWDO SHU XQLW RI
RXWSXW￿DJDLQ DSSURSULDWHO\ QRUPDOL]HG XVLQJ WKH UHODWLYH SULFH￿ WKDQ WKH ROGHU WHFKQRORJ\￿
+HQFH￿ IURP /HPPD ;￿ DQG RXU DVVXPSWLRQ WKDW LQLWLDOO\ ￿EHIRUH WKH LQIRUPDWLRQ UHYROX￿
WLRQ￿ WKH UHODWLYH FDSLWDO LQWHQVLW\ RI WKH PRGHUQ WHFKQRORJ\ YHUVXV WKH ROG WHFKQRORJ\ LV
JUHDWHU WKDW WKH VNLOO LQWHQVLW\ ￿ZKLFK VWDWHG IRUPDOO\ LV HTXLYDOHQW WR DVVXPLQJ WKDW v LV
ORZ HQRXJK IRU
&0
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￿ ￿Z￿U+￿a U￿￿￿￿￿ ZH FDQ LPPHGLDWHO\ LQIHU IURP /HPPD ;￿ DOO
WKH HoHFWV VWDWHG LQ /HPPD ￿$￿ ,Q SDUWLFXODU￿ ZH FDQ LQIHU WKH HoHFW RI SRSXODWLRQ JURZWK
RQ WKH UHWXUQ WR HGXFDWLRQ VLQFH
&0
￿ ￿U+￿ a U
v￿
&2
￿ ￿Z￿U+￿a U￿   ￿
y ! ￿￿ 7KH UHDVRQ ZH FDQ￿W LPPHGLDWHO\
LQIHU /HPPD ￿$ IURP /HPPD ;￿ LV WKDW ZH QHHG WR NQRZ ZKHWKHU￿ IRU D VXrFLHQWO\ ODUJH
LQFUHDVH LQ v ￿VWDUWLQJ IURP v￿￿￿ WKHUH ZLOO QHFHVVDULO\ EH D UHYHUVDO LQ IDFWRU LQWHQVLWLHV LQ
WKH VHQVH WKDW IRU VXrFLHQWO\ KLJK YDOXHV RI v￿
&0
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￿ ￿Z￿U+￿a U￿ DQG
&0
￿ ￿U+￿ a U
v￿
&2
￿ ￿Z￿U+￿a U￿ ￿ ￿￿
7KLV LV VKRZQ EHORZ XVLQJ WKH SDUDPHWHUL]DWLRQ RI WHFKQRORJ\ JLYHQ E\ (TXDWLRQV ￿￿￿ DQG
￿￿￿￿
￿￿$U H D G H U P D \ Z R QGH U Z KH WKH U WKLV F R QGLWLR Q LV F R QVLVWH QW Z LWK WKH H QY LUR QPH QW￿ ,Q H oH F W￿ D V OR QJ D V y
L VE HW Z HHQU
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K ￿￿ ￿ U
eZ
e￿
￿￿ ￿ ￿ D QG ￿ ￿Z KH UH VWD UUH G Y D ULD EOH V D UH WKH ID F WR U SULF H V WKD W Z R XOG SUH Y D LO LQ WKH
D EVH QF H R I WKH PR GH UQ WH F KQR OR J \ ￿￿ WKH UH D OZ D \ V H [ LVW D v VXF K WKD W WKLV F R QGLWLR Q LV VD WLVpH G￿
￿￿3URRI RI /HPPD ￿$￿ *LYHQ /HPPD ;￿￿ ZKDW QHHGV WR EH VKRZQ WR SURYH /HPPD ￿$
LV WKDW WKHUH H[LVWV D ve￿ VXFK WKDW LI WKH WHFKQRORJLHV RI SURGXFWLRQ VDWLVI\ (TXDWLRQV ￿￿￿
DQG ￿￿￿ RI WKH WH[W DQG LI v!v e￿ WKHQ
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y￿ ZH QHHG RQO\ IRFXV RQ WKH VHFRQG FRQGLWLRQ
VLQFH LW LPSOLHV WKH pUVW FRQGLWLRQ￿ 7R VKRZ WKH H[LVWHQFH RI WKLV ve￿ LW LV XVHIXO WR EHJLQ E\
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$OWKRXJK WKH HQWLUH VROXWLRQ WR WKLV V\VWHP RI HTXDWLRQV FDQQRW EH VWDWHG H[SOLFLWO\￿ WKH





￿v￿ ￿ a N b yK
v ￿￿￿￿
￿￿,Q WKH F D VH Z KH UH ￿  ￿ D QG WKH UH IR UH WKH VD Y LQJ V UD WH LV F R QVWD QW￿ Z H F D Q VR OY H H [ SOLF LWO\ IR U N VLQF H LW
LV WKH VR OXWLR Q WR D T XD GUD WLF H T XD WLR Q￿ ,Q WKLV F D VH ￿ VR OY LQJ R XU LQLWLD O V\ VWH P R I ￿ ￿ H T XD WLR QV LV UH GXF H G WR
VR OY LQJ R QH QR Q￿OLQH D U H T XD WLR Q LQ WKH R QH XQN QR Z Q K￿


















ZKHUH a U LV H[SOLFLWO\ LV H[SOLFLWO\ JLYHQ E\
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￿v￿ ￿ a N b yK
v ￿￿￿
)XUWKHUPRUH￿ U+￿ZDQG WRWDO SURGXFWLRQ a < 2 ￿ a < 0 DUH JLYHQ E\




















/HW XV QRZ IRFXV RQ VKRZLQJ WKDW￿ IRU vV VXrFLHQWO\ ODUJH￿
&0




￿ ￿Z￿U+￿a U￿ ￿ ￿￿ 1RWH WKDW
WKLV FRQGLWLRQV FRUUHVSRQGV ￿IRU RXU SDUDPHWHUL]DWLRQ RI WKH FRVW IXQFWLRQV￿ WR VKRZLQJ WKDW
IRU vV VXrFLHQWO\ ODUJH￿
￿
v￿Z
a U ￿￿￿ ￿ ￿
,Q RUGHU WR VHH WKDW WKH DERYH FRQGLWLRQ ZLOO EH VDWLVpHG ZKHQ v LV VXrFLHQWO\ ODUJH￿ FRQVLGHU
WKH OLPLW RI WKH /+6 RI WKLV H[SUHVVLRQ DV v JRHV WR LQpQLW\￿ 8VLQJ WKH VROXWLRQV IRU Z DQG
a U￿ LW LV HDV\ WR YHULI\ WKDW WKLV OLPLW WDNH WKH IROORZLQJ VLPSOH IRUP￿
￿
va N
7KHUHIRUH￿ XQOHVV a N JRHV WR ]HUR DV v JRHV WR LQpQLW\￿ WKH DERYH OLPLW ZLOO JR WR ]HUR DV v JRHV
WR LQpQLW\ DQG KHQFH IRU v VXrFLHQWO\ ODUJH LW ZLOO QHFHVVDULO\ EH WKH FDVH WKDW ￿
v￿Z
a U ￿￿￿ ￿ ￿￿
,Q RUGHU WR VHH WKDW a N GRHV QRW JR WR ]HUR DV v JRHV WR LQpQLW\￿ QRWH WKDW K ZLOO FRQYHUJH WR
z K GHpQHG E\ 4￿￿z K￿ y￿ DQG WKDW WKH DFFXPXODWLRQ HTXDWLRQ IRU a N ZLOO EHFRPH￿
a N  
V￿a N￿
￿￿u
￿￿4￿￿z K￿z K b4￿z K￿￿￿ ￿by￿a N￿￿￿




￿￿ ￿￿u￿ a N￿￿ ￿
￿b￿
￿ ￿￿
￿ 6LQFH K LV RSWLPDOLW\ FKRVHQ￿ LW LV QHFHVVDULO\ WKH FDVH
WKDW 4￿￿z K￿z Kb4￿z K￿ ! ￿￿ 7KHUHIRUH￿ JLYHQ WKDW WKH DERYH OLPLW DFFXPXODWLRQ HTXDWLRQ IRU a N
LV D UDWKHU VWDQGDUG DQG ZHOO EHKDYHG DFFXPXODWLRQ HTXDWLRQ￿ LW LV VWUDLJKWIRUZDUG WR YHULI\
WKDW a N ZLOO UHPDLQ VWULFWO\ DERYH ]HUR DV v JRHV WR LQpQLW\￿ +HQFH￿ WKLV SURYHV WKDW WKHUH





#u ! ￿￿ # a < 2




#u ! ￿ DV VWDWHG LQ /HPPD ￿$￿ s
$SSHQGL[ %
,Q WKLV DSSHQGL[￿ ZH SURYH /HPPD ￿% DQG /HPPD ￿% ￿DQG KHQFH 3URSRVLWLRQ ￿￿ LQ D
PDQQHU YHU\ VLPLODU WR WKDW SUHVHQWHG LQ $SSHQGL[ $ WR SURYH /HPPDV ￿$ DQG ￿%￿ +HQFH￿
$SSHQGL[ ￿$ VKRXOG EH UHDG EHIRUH WKLV DSSHQGL[￿
s 7KH :DOUDVLDQ (TXLOLEULXP &RQGLWLRQV
7KH (TXLOLEULXP &RQGLWLRQV IRU WKH FDVH ZLWK YDULDEOH ODERU VXSSO\ DUH JLYHQ EHORZ
ZKHUH DQ L VXEVFULSW GHQRWH WKH W\SH RI LQGLYLGXDOV￿ WKDW LV￿ L  ￿ FRUUHVSRQGV WR LQGL￿
YLGXDOV ZKLFK DFTXLUH QR HGXFDWLRQ ￿K￿  ￿￿ DQG L  ￿ LQGLYLGXDO FRUUHVSRQG WR LQGLYLG￿
XDOV ZKR￿V HGXFDWLRQDO DWWDLQPHQW LV DVVRFLDWHG ZLWK K￿ ! ￿ XQLWV RI KXPDQ FDSLWDO SHU
WLPH XQLW VXSSOLHG WR WKH PDUNHW￿ 7KH HTXLOLEULXP VHW RI ￿￿ HTXDWLRQV LQ WKH ￿￿ YDULDEOHV
IZW￿U +￿W￿U .￿W￿U ,7￿W￿U WJ DQG I/W￿+ W￿. W￿,7 W￿<2
W ￿<0
W ￿O L￿W￿V L￿W￿% L￿WJ DUH￿
/W  ￿￿ ￿ u￿W￿}O￿￿W ￿￿ ￿b }￿O￿￿W￿￿ %￿￿
+W  ￿￿ ￿u￿W￿￿b }￿O￿￿WK￿ ￿%￿￿




















￿}%￿￿W ￿￿ ￿b }￿%￿￿W￿￿￿ ￿ u￿Wb￿
￿￿ ￿UW￿
￿%￿￿
VL￿W   z G b’R￿￿ bOL￿W￿￿ %￿￿￿￿%￿￿
￿￿UN￿W   vWU,7￿W  ￿￿UW ￿%￿￿￿￿￿%￿￿￿
/W   &2
￿ ￿ZW￿U +￿W￿U .￿W￿< 2
W ￿￿￿￿u￿W￿}V￿￿W ￿￿￿b}￿V￿￿W￿￿ %￿￿￿
+W   &2
￿ ￿ZW￿U +￿W￿U .￿W￿< 2
W ￿ &0
￿ ￿U+￿W￿U ,7￿W￿< 0
W ￿%￿￿￿
.W   &2
￿ ￿ZW￿U +￿W￿U .￿W￿< 2
W ￿%￿￿￿
,7W   &0
￿ ￿U+￿W￿U ,7￿W￿< 0
W ￿%￿￿￿
&2￿ZW￿U +￿W￿U .￿W￿ ￿ ￿ %￿￿￿
&0￿U+￿W￿U ,7￿W￿  ￿ ￿￿￿￿
(TXDWLRQV ￿%￿￿￿￿%￿￿ JLYH WKH VXSSO\ RI IDFWRUV E\ KRXVHKROGV￿ (TXDWLRQV ￿%￿￿￿￿￿%￿￿￿
JLYH WKH GHPDQG RI IDFWRUV E\ pUPV￿ (TXDWLRQV ￿%￿￿￿￿%￿￿ JLYH WKH GHPDQG IRU VHUYLFHV E\
KRXVHKROGV DQG (TXDWLRQV ￿%￿￿￿ DQG ￿%￿￿￿ DUH WKH QR￿DUELWUDJH FRQGLWLRQV RQ WKH FDSLWDO
PDUNHWV￿ 6LQFH WKLV V\VWHP RI HTXDWLRQ JXDUDQWLHV WKDW VXSSO\ HTXDOV GHPDQG LQ DOO WKH
PDUNHWV ￿E\ :DOUDV￿ /DZ WKH JRRGV PDUNHW HTXLOLEULXP FRQGLWLRQ LV RPLWWHG￿￿ LW WKHUHE\
UHSUHVHQWV WKH :DOUDVLDQ HTXLOLEULXP RI RXU PRGHO ZLWK YDULDEOH ODERXU VXSSO\￿ ,Q RUGHU WR
UHGXFH WKH VWHDG\ VWDWH RI WKH DERYH V\VWHP RI HTXDWLRQV WR D VHW VLPLODU WR WKDW JLYHQ E\
(TXDWLRQV ￿$￿￿￿￿￿$￿￿￿ LQ $SSHQGL[ $￿ LW LV KHOSIXO WR UHGHpQH WKH IROORZLQJ YDULDEOHV￿ OHW
a N  
.￿ ,7
v
￿￿￿u￿W￿}￿O￿bV￿￿￿￿￿b}￿￿O￿bV￿￿￿ EH WKH WRWDO FDSLWDO VWRFN SHU KRXU ZRUNHG H[FOXGLQJ VHU￿
YLFHV￿ a < 2   < 2
￿￿￿u￿W￿}￿O￿bV￿￿￿￿￿b}￿￿O￿bV￿￿￿ LV WKH SURGXFWLRQ RI RXWSXW XVLQJ WKH ROG WHFKQRORJ\
SHU KRXU ZRUNHG H[FOXGLQJ VHUYLFHV￿ a < 0   < 0
￿￿￿u￿W￿}￿O￿bV￿￿￿￿￿b}￿￿O￿bV￿￿￿ LV WKH SURGXFWLRQ
RI RXWSXW XVLQJ WKH PRGHUQ WHFKQRORJ\ SHU KRXU ZRUNHG H[FOXGLQJ VHUYLFHV DQG pQDOO\
a K  
￿￿b}￿K￿O￿
￿}￿O￿bV￿￿￿￿￿b}￿￿O￿bV￿￿ LV WKH KXPDQ FDSLWDO SHU KRXU ZRUNHG H[FOXGLQJ VHUYLFHV￿ :LWK
WKLV QRWDWLRQ￿ LW LV SRVVLEOH WR UHGXFH WKH DERYH V\VWHP LQWR WKH IROORZLQJ VHW RI ￿ VLPXOWDQH￿
RXV HTXDWLRQV LQ ￿ YDULDEOHV IZ￿U+￿a UJ DQG Ia N￿ a < 2￿ a < 0￿a K￿O￿J￿ 1RWH WKDW WKH YDULDEOH O￿ DQG
V￿ FDQ EH WUHDWHG DV FRQVWDQWV LQ WKLV UHGXFHG V\VWHP VLQFH WKHUH DUH GHWHUPLQHG H[FOXVLYHO\
EH (TXDWLRQV ￿%￿￿ DQG ￿%￿￿ DQG WKHUHIRUH DUH LQYDULDQW WR FKDQJHV LQ u￿ )XUWKHUPRUH￿ WKH
OHYHO RI VHUYLFHV FRQVXPHG E\ DJHQWV RI W\SH L  ￿￿ V￿￿ GRHV QRW QHHG WR EH LQFOXGHG LQ WKH
V\VWHP VLQFH LW LV VLPSO\ JLYHQ E\ (TXDWLRQ ￿%￿￿ RQFH O￿ LV GHWHUPLQHG￿
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￿ ￿Z￿U+￿a U￿a < 2 ￿%￿￿￿
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￿a < 0 ￿%￿￿￿
a N   &2
￿ ￿Z￿U+￿a U￿a < 2 ￿
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￿ ￿ ￿ %￿￿￿
7KHUH DUH WZR DVSHFWV WR QRWH DERXW WKLV UHGXFHG V\VWHP RI HTXDWLRQV￿ )LUVW￿ (TXDWLRQV
￿%￿￿￿ DQG ￿%￿￿￿ FDQ EH VHHQ DV UHSUHVHQWLQJ RQH HTXDWLRQ WKDW GHWHUPLQHV a K DV D IXQFWLRQ
RI
UK
Z ￿ ,Q WKLV VHQVH ￿%￿￿￿ DQG ￿%￿￿￿ DUH YHU\ VLPLODU WR (TXDWLRQ ￿$￿￿￿ H[FHSW WKDW a K
LV GHWHUPLQHG E\ WKH UHWXUQ WR HGXFDWLRQ ZKLOH K ZDV GHWHUPLQHG E\ WKH SULFH RI KXPDQ
FDSLWDO￿ 6HFRQG￿ QRWH WKDW (TXDWLRQV ￿%￿￿￿ WR ￿%￿￿￿ DUH LGHQWLFDO LQ IRUP WR (TXDWLRQV
￿$￿￿￿￿￿$￿￿￿￿ +HQFH￿ LW LV VKRXOG QRW EH VXUSULVLQJ WKDW WKLV V\VWHP RI HTXDWLRQV JLYHV VLPLODU
FRPSDUDWLYH VWDWLF UHVXOWV WR WKRVH SUHVHQWHG LQ $SSHQGL[ $￿ ,Q SDUWLFXODU￿ ZH FDQ VWDWH
WKHVH FRPSDUDWLYH VWDWLF UHVXOWV LQ /HPPD ;￿￿
/HPPD ;￿￿ ,I o LV QRW WRR ODUJH￿
￿￿ #Z
#u ! ￿ LI DQG RQO\ LI
&0
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#u ￿ ￿ LI DQG RQO\ LI
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#u ￿ ￿L I
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￿ ￿Z￿U+￿a U￿ ￿
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#u ! ￿￿ #U+
#u ￿ ￿
￿￿ $OO WKH DERYH FRPSDUDWLYH HoHFWV LQFUHDVH LQ DEVROXWH YDOXH DV o LQFUHDVHV￿ Lo
&0






3URRI RI /HPPD ;￿￿ 7KH FKDUDFWHUL]DWLRQ JLYHQ LQ /HPPD ;￿ FDQ EH IRXQG E\ WRWDOO\
GLoHUHQWLDWLQJ WKH V\VWHP RI HTXDWLRQV ￿%￿￿￿ WR ￿%￿￿￿ DQG DSSO\LQJ &UHPHU￿V UXOH￿ 7KH
RQO\ PDMRU GLoHUHQFH ZLWK WKH V\VWHP RI HTXDWLRQV JLYHQ E\ ￿$￿￿￿￿￿$￿￿￿ LV WKDW WKH VLJQ
WKH GHWHUPLQDQW RI WKH OLQHDUL]HG V\VWHP LV QRZ QRW XQDPELJXRXV DV LV FDQ GHSHQG RQ WKH
VL]H RI o￿ ,Q SDUWLFXODU￿ LI
&0




￿ ￿Z￿U+￿a U￿ ￿ ￿￿ WKHQ WKH GHWHUPLQDQW VZLWFKHV VLJQ ZKHQ o LV
VXrFLHQWO\ ODUJH￿ $V ZH GLVFXVVHG LQ WKH WH[W￿ ZH WKHUHIRUH IRFXV RQO\ RQ WKH FDVH ZKHUH o
LV QRW WRR ODUJH￿ WKDW LV￿ WKH FDVH ZKHUH WKH GHWHUPLQDQW UHPDLQV WKH VDPH VLJQ DV ZDV WKH
FDVH IRU WKH V\VWHP ￿$￿￿￿￿￿$￿￿￿￿ ,Q HoHFW￿ WKLV DSSHDUV WR EH WKH PRVW QDWXUDO FDVH VLQFH
LW DOZD\V LPSOLHV WKDW KLJKHU u LV DVVRFLDWHG ZLWK D KLJKHU LQWHUHVW UDWH￿ 2QFH WKH VLJQ RI
WKH GHWHUPLQDQW LV SLQQHG GRZQ￿ WKH VWDWHPHQWV RI /HPPD ;￿ DUH HDVLO\ LQIHUUHG JLYHQ WKH
EORF GLDJRQDO DVSHFW RI WKH V\VWHP DQG JLYHQ WKDW u RQO\ HQWHUV RQH HTXDWLRQ￿ ,Q SDUWLFXODU￿
VWDWHPHQW ￿￿￿ LQ /HPPD ;￿ LV LPSOLHG E\ WKH IDFW WKDW GHWHUPLQDQW RI WKH OLQHDUL]HG V\VWHP
GHSHQGV RQ o￿ ZKLOH WKH QXPHUDWRUV RI WKHVH GHULYDWLYHV GR QRW GHSHQG RQ o￿ 2QFH DJDLQ￿ D
VWHS￿E\￿VWHS GHPRQVWUDWLRQ RI WKLV FRPSDUDWLYH VWDWLF H[HUFLVH LV DYDLODEOH IURP WKH DXWKRUV￿
s
!)URP /HPPD ;￿￿ DOO WKH HOHPHQWV RI /HPPD ￿% WKDW DUH LQ FRPPRQ ZLWK /HPPD ￿$
FDQ EH GLUHFWO\ LQIHUUHG VLQFH ZH KDYH DVVXPHG WKDW LQ WKH SUH￿LQIRUPDWLRQ UHYROXWLRQ HUD v
LV ORZ HQRXJK IRU LW WR EH WKH FDVH WKDW
&0




￿ ￿Z￿U+￿a U￿ ! ￿
y ! ￿￿ ,Q RUGHU WR SURYH WKH DGGLWLRQDO
WZR HOHPHQWV RI /HPPD ￿%￿ OHW XV QRWH WKDW WKH HPSOR\PHQW UDWH IRU WKH HFRQRP\ LV JLYHQ
E\ }O￿ ￿￿ ￿b }￿O￿ DQG WKDW WKH IUDFWLRQ RI HPSOR\PHQW LQ WKH VHUYLFH VHFWRU LV JLYHQ E\
}V￿￿￿￿b}￿V￿
}O￿￿￿￿b}￿O￿ ￿ ,W LV WKHUHIRUH DJDLQ LPPHGLDWH IURP /HPPD ;￿ WKDW DQ LQFUHDVH LQ u ZLOO
EH DVVRFLDWHG ZLWK D ORZHU HPSOR\PHQW UDWH LQ WKH SUH￿LQIRUPDWLRQ UHYROXWLRQ SHULRG DQG D
ORZHU SHU FDSLWD OHYHO RI HPSOR\PHQW LQ VHUYLFHV￿ ,W LV RI LQWHUHVW WR DOVR QRWH WKDW DQ LQFUHDVH
LQ u DOVR LPSOLHV D ORZHU IUDFWLRQ RI HPSOR\PHQW LQ WKH VHUYLFH VHFWRU LQ WKH SUH￿LQIRUPDWLRQ
UHYROXWLRQ HUD VLQFH WKH GHQRPLQDWRU RI WKH GHULYDWLYH RI WKLV IUDFWLRQ LV HTXDO WR￿
￿￿￿b }￿’￿￿￿ b O￿￿￿}O￿ ￿￿ ￿b }￿O￿ b ￿￿ b }￿￿}V￿ ￿￿ ￿b }￿Vb ￿￿￿
#O￿
#u
￿￿ZKLFK LV QHFHVVDULO\ VPDOOHU WKDQ ￿￿b}￿￿}O￿￿￿￿b}￿O￿￿￿o￿￿bO￿￿ob￿b￿￿#O￿
u ￿ ZKLFK LQ WXUQ
LV QHFHVVDULO\ QHJDWLYH VLQFH FRQGLWLRQ ￿%￿￿￿ LPSOLHV WKDW o￿￿bO￿￿ob￿b￿ LV SRVLWLYH￿ +HQFH￿
WKLV FRPSOHWHV WKH SURRI RI /HPPD ￿%￿ 2QFH DJDLQ￿ ZH FDQ￿W LPPHGLDWHO\ LQIHU /HPPD
￿% IURP /HPPD ;￿ VLQFH ZH QHHG WR NQRZ ZKHWKHU￿ IRU D VXrFLHQWO\ ODUJH LQFUHDVH LQ v
￿VWDUWLQJ IURP v￿￿￿ WKHUH ZLOO QHFHVVDULO\ EH D UHYHUVDO LQ IDFWRU LQWHQVLWLHV LQ WKH VHQVH WKDW
IRU VXrFLHQWO\ KLJK YDOXHV RI v￿
&0
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v￿
&2
￿ ￿Z￿U+￿a U￿ ￿ ￿￿ 7KLV LV VKRZQ￿
DORQJ WKH VDPH OLQHV DV WKH SURRI RI /HPPD ￿$￿ XVLQJ WKH SDUDPHWHUL]DWLRQ RI WHFKQRORJ\
JLYHQ E\ (TXDWLRQV ￿￿￿ DQG ￿￿￿￿
3URRI RI /HPPD ￿%￿ *LYHQ /HPPD ;￿￿ ZKDW QHHGV WR EH VKRZQ WR SURYH /HPPD ￿%
LV WKDW WKHUH H[LVWV D vee￿ VXFK WKDW LI WKH WHFKQRORJLHV RI SURGXFWLRQ VDWLVI\ (TXDWLRQV ￿￿￿
DQG ￿￿￿ RI WKH WH[W DQG LI v!v ee￿W K H Q
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7R VKRZ WKH H[LVWHQFH RI WKLV ve￿ ZH FDQ SURFHHG DV LQ WKH SURRI RI /HPPD ￿$ DQG QRWH
WKDW WKH FRQGLWLRQ
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a U ￿￿￿ ￿ ￿
)XUWKHUPRUH￿ WKH OLPLW RI WKH /+6 RI WKLV H[SUHVVLRQ DV v JRHV WR LQpQLW\ LV DJDLQ JLYHQ E\
￿
va N
6LQFH WKH DFFXPXODWLRQ HTXDWLRQ IRU FDSLWDO LV LQ WKH OLPLW JLYHQ E\
a N  
V￿a N￿
￿￿u
￿￿ya K ￿￿ ￿b y￿a N￿￿￿




￿￿ ￿￿u￿ a N￿￿ ￿
￿b￿
b￿ ￿￿
￿ DQG VLQFH a K LV QRQ￿QHJDWLYH￿ a N ZLOO UHPDLQ VWULFWO\
DERYH ]HUR DV v JRHV WR LQpQLW\￿ +HQFH￿ WKLV SURYHV WKDW WKHUH H[LVWV D vee VXFK WKDW LI
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)XUWKHUPRUH￿ E\ WKH VDPH UHDVRQLQJ XVHG LQ WKH SURRI RI /HPPD ￿%￿ ZH KDYH WKDW DQ
LQFUHDVH LQ u LV DVVRFLDWH ZLWK D KLJKHU UDWH RI HPSOR\PHQW DQG D KLJKHU SHU FDSLWDO OHYHO RI
RI HPSOR\PHQW LQ WKH VHUYLFH VHFWRU￿ s
￿￿5HIHU HQFHV
￿￿ ’DURQ $FHPRJOX :K\ ’R 1HZ 7HFKQRORJLHV &RPSOHPHQW 6NLOOV" ’LUHFWHG 7HFKQLFDO
&KDQJH DQG :DJH ,QHTXDOLW\￿ 4XDUWHUO\ -RXUQDO RI (FRQRPLFV￿ 1RYHPEHU ￿￿￿￿ ￿$￿￿
￿￿￿￿￿￿￿￿￿￿
￿￿ ’DURQ $FHPRJOX &KDQJHV LQ 8QHPSOR\PHQW DQG :DJH ,QHTXDOLW\￿ $Q $OWHUQDWLYH 7KH￿
RU\ DQG 6RPH (YLGHQFH￿ $PHULFDQ (FRQRPLF 5HYLHZ￿ ’HFHPEHU ￿￿￿￿￿ ￿￿￿￿^￿￿￿￿￿
￿￿ %DVX￿ 6XVDQWR DQG ’DYLG :HLO $SSURSULDWH 7HFKQRORJ\ DQG *URZWK￿ 4XDUWHUO\ -RXUQDO
RI (FRQRPLFV￿ ￿￿￿￿￿￿￿ 1RYHPEHU ￿￿￿￿￿ ￿￿￿￿￿￿￿￿
￿￿ 3DXO %HDXGU\ DQG ’DYLG *UHHQ￿ :KDW LV ’ULYLQJ 86 DQG &DQDGLDQ :DJHV￿ (QGRJHQRXV
7HFKQLFDO &KDQJH RU (QGRJHQRXV &KRLFH RI 7HFKQLTXH"￿ 1￿%￿(￿5￿ ZRUNLQJ 3DSHU ￿￿￿￿￿
’HFHPEHU ￿￿￿￿￿
￿￿ 3DXO %HDXGU\ DQG ’DYLG *UHHQ￿ 7KH &KDQJLQJ 6WUXFWXUH RI :DJHV LQ WKH 86 DQG *HU￿
PDQ\￿ :KDW ([SODLQV WKH ’LoHUHQFH"￿ 1￿%￿(￿5￿ ZRUNLQJ 3DSHU ￿￿￿￿￿ 0D\ ￿￿￿￿￿
￿￿ (OL %HUPDQ￿ -RKQ %RXQG DQG 6WHSKHQ 0DFKLQ￿ ,PSOLFDWLRQV RI 6NLOOHG￿ELDVHG 7HFKQRORJ￿
LFDO &KDQJH￿ ,QWHUQDWLRQDO (YLGHQFH￿ 4XDUWHUO\ -RXUQDO RI (FRQRPLFV￿ 1RYHPEHU ￿￿￿￿￿
￿￿￿￿￿￿￿￿￿￿
￿￿ 2OLYLHU %ODQFKDUG￿ 7KH 0HGLXP 5XQ￿ %URRNLQJV 3DSHU RQ (FRQRPLF $FWLYLW\￿ ￿￿￿￿￿
￿￿ 7LPRWK\ )￿ %UHVQDKDQ￿ (ULN %U\QMROIVRQ￿ /RULQ 0￿ +LWW￿ ,QIRUPDWLRQ 7HFKQRORJ\￿ :RUN￿
SODFH 2UJDQL]DWLRQ DQG WKH ’HPDQG IRU 6NLOOHG /DERU￿ )LUP￿/HYHO (YLGHQFH￿ 1%(5 ZRUN￿
LQJ SDSHU ￿￿￿￿￿ 0D\ ￿￿￿￿￿
￿￿ -RKQ %RXQG DQG *HRUJH -RKQVRQ￿ &KDQJHV LQ WKH 6WUXFWXUH RI :DJHV LQ WKH ￿￿￿￿￿V￿ $Q
(YDOXDWLRQ RI $OWHUQDWLYH ([SODQDWLRQV￿ $PHULFDQ (FRQRPLF 5HYLHZ ￿￿ ￿￿￿￿￿￿￿ ￿￿￿^￿￿￿￿
￿￿￿ ’DYLG &DUG￿ )UDQFLV .UDPDU] DQG 7KRPDV /HPLHX[ &KDQJHV LQ WKH 6WUXFWXUH RI :DJHV
DQG (PSOR\PHQW￿ D FRPSDULVRQ RI WKH 8QLWHG 6WDWHV￿ &DQDGD DQG )UDQFH￿ &DQDGLDQ
-RXUQDO RI (FRQRPLFV￿ ￿￿￿ $XJXVW ￿￿￿￿￿ ￿￿￿^￿￿￿￿
￿￿￿ ’DYLG &DUG DQG :￿ &UDLJ 5LGGHOO 8QHPSOR\PHQW LQ &DQDGD DQG WKH 8QLWHG 6WDWHV￿ $
)XUWKHU $QDO\VLV￿ LQ %￿&￿ (DWRQ DQG 5￿*￿ +DUULV￿ 7UDGH￿ 7HFKQRORJ\ DQG (FRQRPLFV￿
(VVD\V LQ +RQRXU RI 5LFKDUG *￿ /LSVH\￿ &KHOWHQKDP￿ 8.￿ (OJDU￿ ￿￿￿￿￿ ￿￿ ￿￿￿
￿￿￿ )UDQFHVFR &DVHOOL￿ 7HFKQRORJLFDO 5HYROXWLRQV￿ $PHULFDQ (FRQRPLF 5HYLHZ￿ 0DUFK ￿￿￿￿￿
￿￿￿￿￿￿￿
￿￿￿￿￿ (UZLQ ’LHZHUW DQG $OODQ :RRGODQG )UDQN .QLJKW￿V 7KHRUHP LQ /LQHDU 3URJUDPPLQJ
5HYLVLWHG￿ (FRQRPHWULFD ￿￿ ￿￿￿￿￿￿￿ ￿￿￿￿￿￿￿￿
￿￿￿ ’XUDQWRQ￿ *LOOHV￿ 7KH (FRQRPLFV RI 3URGXFWLYH 6\VWHPV￿ 6HJPHQWDWLRQ DQG 6NLOO￿%LDVHG
&KDQJH￿ :RUNLQJ 3DSHU￿ )HEUXDU\ ￿￿￿￿￿ /RQGRQ 6FKRRO RI (FRQRPLFV￿
￿￿￿ )OXJ￿ .DUQLW DQG =YL +HUFRZLW]￿ (TXLSPHQW ,QYHVWPHQW DQG 5HODWLYH ’HPDQG IRU
6NLOOHG /DERU￿ 5HYLHZ RI (FRQRPLF ’\QDPLFV￿ ￿￿￿￿￿
￿￿￿ 5LFKDUG )UHHPDQ DQG 5RQDOG 6FKHWWDNDW /RZ :DJH 6HYLFHV￿ ,QWHUSUHWLQJ WKH 86￿
*HUPDQ ’LoHUHQFH￿ 1￿%￿(￿5￿ ZRUNLQJ SDSHU ￿￿￿￿￿ 0DUFK ￿￿￿￿￿
￿￿￿ *ROGLQ￿ &ODXGLD DQG /DXUHQFH .DW]￿ 7KH 2ULJLQHV RI 7HFKQRORJ\￿6NLOO &RPSOHPHQWDULW\￿
4XDUWHUO\ -RXUQDO RI (FRQRPLFV ￿￿￿￿ ￿￿￿￿￿ ￿￿￿￿￿￿￿￿
￿￿￿ *ROGLQ￿ &ODXGLD DQG /DZUHQFH .DW]￿ 7KH 5HWXUQV WR 6NLOO LQ WKH 8QLWHG 6WDWHV $FURVV
WKH 7ZHQWLHWK &HQWXU\￿ 1DWLRQ %XUHDX RI (FRQRPLF 5HVHDUFK :RUNLQJ 3DSHU QR￿ ￿￿￿￿￿
0D\ ￿￿￿￿￿
￿￿￿ $PDQGD *RVOLQJ￿ 6WHSKHQ 0DFKLQ DQG &RVWDV 0HJKLU￿ 7KH &KDQJLQJ ’LVWULEXWLRQ RI
0DOH :DJHV LQ WKH 8.￿ ,QVWLWXWH IRU )LVFDO 6WXGLHV 0LPHR￿ ￿￿￿￿￿
￿￿￿ 5REHUW *RUGRQ 7KH 0HDVXUHPHQW RI ’XUDEOH *RRG 3ULFHV￿ 8QLYHUVLW\ RI &KLFDJR 3UHVV￿
￿￿￿￿￿
￿￿￿ 3HWHU *RWWVFKDON DQG 7LPRWK\ 0￿ 6PHHGLQJ￿ &URVV￿1DWLRQDO &RPSDULVRQ RI (DUQLQJV
DQG ,QFRPH ,QHTXDOLW\￿ -RXUQDO RI (FRQRPLF /LWHUDWXUH￿ QR￿ ￿￿ YRO￿ ;;;9 ￿￿￿￿￿￿￿ ￿￿￿^
￿￿￿￿
￿￿￿ -HUHP\ *UHHQZRRG￿ =YL +HUFRZLW] DQG 3HU .XUVHOO￿ /RQJ￿5XQ ,PSOLFDWLRQV RI
,QYHVWPHQW￿6SHFLpF 7HFKQRORJLFDO &KDQJH￿ $PHULFDQ (FRQRPLF 5HYLHZ￿ ￿￿￿ ￿￿￿￿￿￿￿ ￿￿￿￿
￿￿￿￿
￿￿￿ -HUHP\ *UHHQZRRG￿ DQG %R\DQ -RYDQRYLF￿ 7KH ,7 5HYROXWLRQ DQG WKH 6WRFN 0DUNHW￿
$PHULFDQ (FRQRPLF 5HYLHZ 3DSHU DQG SURFHHGLQJV￿ ￿￿￿￿￿￿￿￿￿￿￿ 0D\ ￿￿￿￿￿
￿￿￿ -HUHPH\ *UHHQZRRG DQG 0HKPHW <RUXNRJOX ￿￿￿￿￿ &DUJHJLH 5RFKHVWHU &RQIHUHQFH 6H￿
ULHV RQ 3XEOLF 3ROLF\￿ ￿￿￿ ￿￿￿￿￿
￿￿￿ -DPHV +HFNPDQ￿ /￿ /RFKQHU DQG &￿ 7DEHU ([SODLQLQJ 5LVLQJ :DJH ,QHTXDOLW\￿ ([SOR￿
UDWLRQV ZLWK D ’\QDPLF *HQHUDO (TXLOLEULXP 0RGHO RI /DERU (DUQLQJV ZLWK +HWHURJHQRXV
$JHQWV￿ 5HYLHZ RI (FRQRPLF ’\QDPLFV￿ ￿￿￿￿￿ ￿￿￿￿￿
￿￿￿￿￿ &KLQKXL -XKQ￿ .HYLQ 0￿ 0XUSK\￿ DQG %URRNV 3LHUFH￿ :DJH ,QHTXDOLW\ DQG WKH 5LVH LQ
5HWXUQV WR 6NLOO￿ -RXUQDO RI 3ROLWLFDO (FRQRP\ ￿￿￿ ￿￿￿￿￿￿￿ ￿￿￿^￿￿￿￿
￿￿￿ ’DOH :￿ -RUJHQVRQ DQG (ULF <LS :KDWHYHU +DSSHQHG WR 3URGXFWLYLW\ *URZWK￿ PLPHR
+DUYDUG 8QLYHUVLW\￿ -XQH ￿￿￿￿￿
￿￿￿ ’DOH :￿ -RUJHQVRQ DQG .HYLQ -￿ 6WLURK ,QIRUPDWLRQ 7HFKQRORJ\ DQG *URZWK￿ $PHULFDQ
(FRQRPLF 5HYLHZ￿ 0D\ ￿￿￿￿￿￿￿ ￿￿￿ ￿￿￿
￿￿￿ /DZUHQFH )￿ .DW] DQG .HYLQ 0￿ 0XUSK\￿ &KDQJHV LQ 5HODWLYH :DJHV￿ ￿￿￿￿￿￿￿￿￿￿ 6XS￿
SO\ DQG ’HPDQG )DFWRUV￿ 4XDUWHUO\ -RXUQDO RI (FRQRPLFV￿ )HEUXDU\ ￿￿￿￿￿￿￿ ￿￿^￿￿￿
￿￿￿ 0LFKDHO .LOH\O￿ 7KH 6XSSO\ RI 6NLOOHG /DERU DQG 6NLOOHG %LDVHG 7HFKQRORJLFDO 3URJUHVV￿
(FRQRPLF -RXUQDO￿ ￿￿￿￿￿
￿￿￿ $ODQ %￿ .UXJHU DQG -RUQ￿6WHoHQ 3LVFKNH￿ 2EVHUYDWLRQV DQG &RQMHFWXUHV RQ WKH 86
(PSOR\PHQW 0LULFOH￿ 1￿%￿(￿5￿ ZRUNLQJ SDSHU ￿￿￿￿￿ $XJXVW ￿￿￿￿￿
￿￿￿ 3HU .UXVHOO￿ /HH (￿ 2KDQLDQ￿ -RVH ￿ 9LFWRU 5LRV￿5XOO￿ DQG *LRYDQQL /￿ 9LRODQWH &DSLWDO￿
6NLOO &RPSOHPHQWDULW\ DQG ,QHTXDOLW\￿ $ 0DFURHFRQRPLF $QDO\VLV￿ (FRQRPHWULFD ￿￿￿￿￿
￿￿￿ /HH￿ ’DYLG 6￿ :DJH ,QHTXDOLW\ LQ WKH 86 ’XULQJ WKH ￿￿￿￿V￿ 5LVLQJ ’LVSHUVLRQ RU )DOOLQJ
0LQLPXP :DJH"￿ 4XDUWHUO\ -RXUQDO RI (FRQRPLFV ￿￿￿ ￿￿￿￿￿￿￿ ￿￿￿￿￿￿￿￿￿
￿￿￿ 7KRPDV 0D&XUG\ DQG 7KRPDV 0UR]￿ 0HDVXULQJ 0DFURHFRQRPLF 6KLIWV LQ :DJHV IURP
&RKRUW 6SHFLpFDWLRQV￿ ZRUNLQJ SDSHU￿ ￿￿￿￿￿￿￿
￿￿￿ 2EVWIHOG￿ 0DXULFH DQG .HQQHWK 5RJRo￿ 7KH 6L[ 0DMRU 3X]]OHV LQ ,QWHUQDWLRQDO 0DFURH￿
FRQRPLFV￿ ,V 7KHU D &RPPRQ &DXVH￿ 1%(5 0DFURHFRQRPLFV $QQXDO ￿￿￿￿￿ %HQ
%HUQDQNH DQG .HQQHWK 5RJRo ￿HGV￿￿
￿￿￿ -RKQ 6FKPLGW￿ 7KH &KDQJLQJ 6WUXFWXUH RI 0DOH (DUQLQJV LQ %ULWDLQ￿ ￿￿￿￿￿￿￿ LQ 5￿%￿
)UHHPDQ DQG /￿)￿ .DW]￿ HGV￿ ’LoHUHQFHV DQG &KDQJHV LQ :DJH 6WUXFWXUHV￿ 1%(5￿
&KLFDJR￿ 8QLYHUVLW\ RI &KLFDJR 3UHVV￿ ￿￿￿￿￿ ￿￿￿ ￿￿￿￿
￿￿￿ 6RORZ￿ 5REHUW￿ $ &RQWULEXWLRQ WR WKH 7KHRU\ RI (FRQRPLF *URZWK￿ 4XDWHUO\ -RXUQDO RI
(FRQRPLFV￿ ￿￿￿ ￿￿￿￿￿ ￿￿￿￿￿￿
￿￿￿ =HLUD￿ -RVHSK￿ :RUNHUV￿ 0DFKLQHV DQG (FRQRPLF *URZWK￿ 4XDUWHUO\ -RXUQDO RI (FR￿
QRPLFV￿ ￿￿￿￿￿￿￿ ￿￿￿￿￿ ￿￿￿￿￿￿￿￿￿￿
￿￿